12 United States Patent

Jimenez et al.

US011199728B2

US 11,199,728 B2
Dec. 14, 2021

(10) Patent No.:
45) Date of Patent:

(54)

(71)
(72)

(73)

(%)

(21)
(22)

(65)

(60)

(1)

(52)

ELECTRICALLY CONDUCTIVE
LAMINATED LENS FOR EYEWEAR AND
FRAME ASSEMBLY THEREFOR

Applicant: OQakley, Inc., Foothill Ranch, CA (US)

Inventors: Luis M. Jimenez, Irvine, CA (US);
Christopher John Anderson, Mission

Viejo, CA (US)

Assignee: Qakley, Inc., Foothill Ranch, CA (US)

Subject to any disclaimer, the term of this
patent 1s extended or adjusted under 35

U.S.C. 154(b) by 64 days.

Notice:

Appl. No.: 16/206,780

Filed: Nov. 30, 2018

Prior Publication Data

US 2019/0227347 Al Jul. 25, 2019

Related U.S. Application Data

Provisional application No. 62/621,779, filed on Jan.
25, 2018.

Int. CI.

GO2C 7/10 (2006.01)

GO2F 17153 (2006.01)

GO2F 171347 (2006.01)

GO2F 171333 (2006.01)

G02C 1/06 (2006.01)

GO2F 171343 (2006.01)

G02C 11/08 (2006.01)

U.S. CL

CPC ...l G02C 77101 (2013.01); GO2C 1/06

(2013.01); GO2C 11/08 (2013.01); GO2F
1/1347 (2013.01); GO2F 1/13439 (2013.01);
GO2F 1/133382 (2013.01); GO2F 1/1533
(2013.01); GO2C 2202/16 (2013.01); GO2F
2202/28 (2013.01)

(38) Field of Classification Search
CPC G02C 1/06; G0O2C 7/101; GO2C 11/08;
G02C 2202/16; GO2F 1/1525; GO2F
1/155; GO2F 1/163; GO2F 1/15; GO2F
2201/44; GO2F 2202/28; GO2F 1/1333;
GO2F 1/1347; GO2F 1/133382; GO2F
1/13439; GO2F 1/157; GO2F 2202/16

351/159.03, 159.73; 359/245, 265, 270,
359/273
See application file for complete search history.

USPC

(56) References Cited

U.S. PATENT DOCUMENTS

7/2014 McCabe et al.
5/2019 McCabe
9/2005 McCabe

8,770,749 B2
10,295,821 B2

2005/0195488 Al* GO2F 1/161

359/603

iiiiiiiiiiiiiiiii

(Continued)

FOREIGN PATENT DOCUMENTS

WO 2016/077431 A2 5/2016

Primary Examiner — Mahidere S Sahle

(74) Attorney, Agent, or Firm — Sterne, Kessler,
Goldstein & Fox P.L.L.C.

(57) ABSTRACT

Embodiments of the present disclosure are directed to eye-
wear (e.g., goggles, eye glasses, sun glasses, helmet shields,
helmet visors, etc.) that can maximize the wearer’s field of
view when laminated lenses having electrically conductive
functional layers (e.g., electrochromic and/or heating layers)
are used. Improved field of view can be accomplished by
means of reducing the bezel size of the laminated lens. For
example, the bezel’s non-transparent footprint can be
reduced by stacking electronic components at a peripheral
edge of the lens and securing with a frame assembly rather
than a separate edge seal.

28 Claims, 14 Drawing Sheets

100
ﬁ
TGP EDGE ... 243
« S
O L N N N ¥
F :.-.:- -.-"_r.-.‘_ul . ****Eﬁﬁ{i H.I.l./ .
ttttt o e ] ¥
: i ik r r o LN WY . wu
y".;?_'. S A2 1 s £ R el 3.2
e e CNCN NS '
o L A P n .
ﬁ:::l: n-"vr:uk-\.: :'r:lr :1.-':1:-? ‘__,'*1
. | o - LT n
..l-'= a e NG 3 e e |
o0 Ve 0tk SR S e o
L s SO0t VO R NN it e 225 S
256-1 e 'h-l:h :rr:lr:b'- o " :l-l._ : o
e A P u ’ £
7 i MO0
o A T T A AU A AL " “w
kkkkkkkkk -
/‘h i red Ry Eweeey o :.-I. T,
/:Ik 'r:'r:l ‘1 'r: aa:: ..."‘-::-::: - 235- ?
.-": ,.: nl "rr"lr' ' 'rrr -'h. :r.‘f :'.:'l.-'
f e RBIAR
rk Y “m *
[ NN v -
2304 —~ PRI 200 pnEs
o LN ‘M A e PN
e A" L]
» L N 2 "
A o
':"h AN o -,
T s e o
Gk oo S s A
'l.l o roemwl Lo
[ ] | g i I r P
e " :2.1. A
e N N T
L o e B
A " m Pl
o LN N e
A #:;k s M 277 8
O e ] o
/i kv el e
. L rk ] -
e A e e
TN, AR 220 pagapea
_,:'_. o ML T ALy A Y
, .I. ' N
R T LA o %I.f wn
L] L | I-l F ¥ / L
L v m Pl
o x a o -
mm LN O m s
AN v h e n
o oL wt)
e o 2o
| r i I r ]
g s e .
'h. = o' -::.. 'F-‘I_-‘_:_ ,
#::::E O A ,-",""-.':--D' ff
vk v, *
.g""'. e " i‘.-. I Y - F
A7 270 I .__-.f sy e 280
24{3 1 e sl W Pl 13 nn" o -
) 'h':hl Nk Ty .h. G v
o ' 2 e i F
/ﬂ'ﬂ' et t o 2 " why ¥ v
/ iii T g F
S N n ru
e A 'y " e +
A T o
o rr o s e R
e LA e N
P B N [ p——. N e ML
e e e e N n.lhl g
'I.ll k*t*t*k*t*t"]"- ****** n{::' v
nE w e 'y " -
p‘“‘-. S PEZA e 260.2
=N e 'Y “m'm K
S N v LR
b.:' e e ] ey
/ I-l J.J:*J'I';':r_.t‘_ktt‘fi o o, .
.-'|.*r1r|r'r'rq.. u -
/ll L A nﬂ.:/ o
o DNy = '3 “m _..-‘ FRE)
Z O S g
, LG - L w1 N
PED 4 -:_:::. L G oo R
- = e NCTER T ¥ rom
L 44";:1!"H' v g
A‘:I:E o Y "r :l:h: "ty
L
- \
201} .

‘BOTICN EDGE



US 11,199,728 B2

Page 2
(56) References Cited
U.S. PATENT DOCUMENTS
2009/0262411 Al1* 10/2009 Karmhag ................ GO2F 1/153
359/265
2013/0235323 Al1* 9/2013 Sotzing ................. GO2F 1/1523
351/44
2014/0133005 Al1* 5/2014 Sbar .........ccooeevvvennen. GO2F 1/161
359/265
2018/0052319 Al1* 2/2018 McCabe ............... G02C 11/08

* cited by examiner



US 11,199,728 B2

b |
A

- - .

L I

FAR N
o

]
]

>,
TEEFEEEEEEEE

Sheet 1 of 14

Dec. 14, 2021

x
i
i

X,
"ﬂ
-

o,
H"
Al

oA
.
A
"

1)

o
i!"
-
o
Al

ol
e
-]
X

|

-,
-
C |
L4
E |

d.-'
|

2

I‘H

-
]

T
X
H"
L]
.

-
>,

- .
Tt
XN M X
”g*v”v”v:

U.S. Patent
100

L
xR X

S
e

o &

KR KK K K X

R_X IHHHH.HHHHH ]

R -
e
K




US 11,199,728 B2

2644

250.2

PR b om & m LN » - a b 4w A h kg om
LT N e L L I I B L oor b ow - a how

e T T . ] 1.-1|....-.._._

- - -

....__.._..-.1 .—..__.-_.-_1 ..-.v- - . .1.-.| .....1.._-_|. . ..._.__.._.-..1. -

» - - - - . . a

L] L e LI 4w - = & w r 4w a kb -

r = Lrqoq b -k o r 4 g b b r g ow b - oo by s~ n = F r g g *
LT F s ey e e, LPEIE R T I I N R N B s on ko daoyh ko
Ak B om - or - F - F o - Ao ok B n M m. . m A om . o L s - -

. e .
Y ] - kW o Y
LR | _-”._. LR | .-w LA | .-.. __....__ 4 __.._. . .-. L] ._.“. . :

. l‘ .' L l‘ .' . - ‘ r
. - . - -
R e LR N | b 4 Wy

Sheet 2 of 14

.....r.r.r._...r.r.r.....r.r.r.._..r.r.r._...r.r.r.....r.r.r.....r.r.r.__..r.r.r.....r.r.r.....r.r.r.r
.r.r.....r.r..1.....r.r..1......1.r.r.._..r.r.T....r.r.t.....v.r.r.....t.r.v....r.r.r.....v.r.r....t.r
e g g g

s
L
L
¥

d E E o o o o o E o o E o E E o o o o o E o o E o o E o o E o o E o o E o o E o o E o o E o o E o o E o o E o o E o o E o o E o o E o o E o o E o o E o o E o o E o o E o o .
I e T Pt e Pt P e Mt
i b e e d e U e e e e e e e e de ke ke ke ke e e e e U e e ke ke e e e e e e de e e e e e e e e e el ke ke ke ke e e e e e U U e ke e e e e e e e de e e e ke e e e e e e el ke ke ek e e e e e U e e ke ke ke e e e e el e e e ke e e e e e e el ke ke ke ke e e e e U e e ke ke ke e e e e e de e ek e e e e e e el ke ke ke ke e e e e U U e ke ke ke ke e de A ke ke kKK
.T.T.T....T.T.T.T.T.T.r
& i ¥ iy > 3G
...r.r.r.r.r.r.r.r.r.v.r.r |
.T.T.T....T.T.T.Tb..'.'....r
o i i N

r
i
i
L4

i
r
r
¥

b dr i A I I N N A A A A A A N A AR A R A R A A AR A R A A AR A R A A A R A R A A A A AR AR AR N

L
¥
s
L

[
xr
[
X

”.rh.rh.rh.rh.rh.rh.rh.rh.rh.rh.rh.rh.rh.rh.rh.rh.r.'.

oy
o o E o E E o E o o o o o o E o b
2 .:..T .T.T.T .T.:..T .T.'..T .T.'..T .T.:..T .T.'..T .T.T.T .T.:..T .T.'..T .T.T.T .T.:..T .T.:..T .T.T.T .T.:..T .T.'..T .T.'..T LN |

L}
L4
r
L}
L}
r
L}
L4
r
L}
L}
r
L}
L}
r
L}
L4
r
L}
L}
r
L}
L}
r
L}
L}
r
L}
L}
r
L}
L4
\'
'r
L}
r
A
r
r
*Jr
'r
r
L}

X
L]

¥

L
X

& b & X

& o o & E o & E o & o o & o o & o E o -
v, .'..T .T.T.T .T.'..T .T.'..T .T.r..T .T.'..T .T.'..T .T.T.T .T.'..T .T.'..T .T.T.T .T.'..T .T.'..T .T.T.T .T.'..T .T.'..T .T.r..T .T.'..T .T.'..T .T.T.T .T.'..T .T.'..r i ﬁ

r
L
L
¥
r
X
r

L

j i E o o o o o E o o E o E E o o o o o E o o b
o .TH.T .T”.T .TH.T .TH.T .TH.T .TH.T .TH.' .TH.T .TH.T .TH.' .T”.T .TH.T .TH.' .T”.T .TH.T .TH.T .T”.T .TH.T .TH.' .TH.T .TH.T L |

..T.T.T.'.T.T.'.T.T.T.T.T.T.T.T.T.T.T.T.T.T.T.T.T.T.T.T.'.T.T.'.T.T.'.T.T.'.T.T.T.T.T.' -
..

100

|r
)
"
X
"
q-
J
4r 3
"
X
"
q-
)
"
|r
"
#
q-

N N -
.r.rH.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.....r.r.....r.rH.r.r”.r.r....r.r....r.r.r.r.v.r.r....r.r”.r.r”.r.r
.r.r.r.r.r.r.r.r.r.r.rH.r.r.r.r.r.r.r.r”.r.r”.r.r”.r.r”.r.r”.r.r”.r.r”.r.r”.r.r....r.r”.r.r.r
P i e Tt e Tt P o it e e M oot
ar 3 i ar i r i
.r.r.r.r.r.r.r.r.r.r.r.....r.r.r.r.r.r.r.r.....r.r.....r.r.....r.r.....r.r.....r.r.....r.r.....r.r.....r.r.....r.r.....r.r
. - i X Fogr o dp b b b dr O g 0o & & Jr X
N ey » . c. . o . . T e e e e e e e el e e e e e e e e e e e e e e e e e e e e de e e e e e e
T M ala Fparla N - W . > od b U e d o de ke ke dr A b e A

L oar . . - Jrdr dr dr dr dr dr dr Jr de dr de dr e dr dr dr o dr dr dr e e dr dr dr dr dr dr O 0e dr 0r 0r dr 0 dr dr O O
. e o LI ot . oA Ak N N k4 Ak

Pl
e
X
*
x
"
i
r
X
*
"
i
r
X
*
q-

LN

X
r
i
L
i
r
¥
r
i
r
¥
r
i
L
i

X
L
X
L}
X
L4
X
L
L}
X
L4
X
L
q-

r
- L

L
L
L}
¥
L4
¥
L
¥
L}
¥
L
¥
L}
¥
L4
¥
L
¥
L}
¥
L4
¥
L
o4

i
'

LA
L
X
L}
i i
L g
o
g
o
L)
r
¥
r
i
L
'
r
¥
r
i
L
'
r
¥
r
i

)
¥
X
F
X
I
)
¥
X
F
X
I
)
¥
X
F
X
I

X
L4
X
L
X

- i b o o i
drodr S S b M S b M dr b b b b b M e b b e bk e b b b b e e bk e e bk b e bk b bk b e bk b e bk e bk b e bk b e bk e e bk b e bk b b bk b e bk b e bk b e b b e b b e bk b e b b e e b e e b e e b e e b e bk b e bk b e bk b e e b e bk b e bk e e bk b e bk b e bk b e bk b e bk b e e b e e e e e b e e b e e b e b b e bk e e bk e e bk e e kb e bk e e ke ek ek i
.

o *t***k**k**k*t**tk*tt**k*****k*tt**k**#**k*****k*t***k**k**k*t**tk**k**k*****k*tk**k*****k**k**k*k***k**t*.T.T.T.T.:..T.T.T.'..T.T.T.T.T.T.Tb..T.T.T.:..T.T.T.T.T.T.T.:..'.T.T.'..T.T.T.'..T.T.T.:..'.T.T.'..T.T.'.T.T.T.T.:..'.T.T....T.T.'.T.T.T.T.:..'.T.T.:..T.T.'.T.T.T.T.:..T.T.T.'..T.T.T.T.T.T.T.:..T.T.T.'..T.T.T.T.T.T.T.:..T.T.T.'..T.T.'.T.T.T.T.:..'.T.T.'..T.T.'.T.T.T.T.:..'.T.T.'..T.T.'*k*****k**k**k*k***k**t**k*****k**t**k*****k**k**k*****k**k**k*****k**k**k*****k**k**k*****k*kt**k*****k** .T.T.T o
v, .T.T.'..T.T.T.'..T.T.T.T.T.T.T.'..T.T.T.'..T.T.Tb..'.f*b..'.f.'b..'.f.?b. *********************k****f**************************************************************.T.T.T.T.T.T.T.'..T.T.T.'..T.T.T.r..T.T.T.'..T.T.T.'..T.T.T.T.T.T.T.'..T.T.T.'..T.T.T.T.T.T.T.'..T.T.T.'..T.T.T.T.T.T.T.'..T.T.T.'..T.T.T.T.T.T.T.'..T.T.T.'..T.T.T.T.T.T.T.'..T.T.T.'..T.T.T.T.T.T.T.'..T.T.T.'..T.T.T.T.T.T.T.'..T.T.T.'..T.T.T.T.T.T.T.'..T.T.T.'..T.T.T.T.T.T.T.'..T.T.T.'..T****************************************************************%***** o odr A
2 .:..T.T.T.T.T.T.T.:..T.T.T.'..T.T.T.'..T.T.T.:..T.T.T.'..T.T.Tb..f.'.fb..f.l. k*******t**ft**********ft***********k****f******k*******t***k**********fk***********t*******.T.T.'..T.T.T.T.T.T.T.:..T.T.T.'..T.T.T.T.T.T.T.:..T.T.T.'..T.T.T.T.T.T.T.:..T.T.T.'..T.T.T.T.T.T.T.:..T.T.T.'..T.T.T.T.T.T.T.:..T.T.T.:..T.T.T.T.T.T.T.:..T.T.T.'..T.T.T.T.T.T.T.:..T.T.T.'..T.T.T.T.T.T.Tb..T.T.T.'..T.T.T.T.T.T.T.:..T.T.T.'..T.T.T.:..T.T.T.:..T.T.T.'..T.T.T.T.T.T.T.:..T.T***k***********t***********t***********************k***********k**n*******k***********k*** p

I L |
o ™ o o - u_.._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._.. -._-._-._-._-._-._-._-._-._-._-._-._-._-._-LN
| A ||
e s s

e, e,

L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L)
L]
L)
L]
I

L]
L}
x
L 4

L]

Xk a
Xk
L
Xk ur

L
i
r

Dec. 14, 2021

230.1

TOP EDGE -
240.4

&L

U.S. Patent

200




US 11,199,728 B2

Sheet 3 of 14

Dec. 14, 2021

U.S. Patent

1

TOP EDGE

i i
M
i

LA R

]

»

X & X B
& & X
& & &

* X B X

X
»

x
Jr:a-
o
)
¥ X

F)
»
¥

+ ‘#

I

o
F)

¥
»
¥
»
¥
L )
»
L )
X &
E

.4.4..__.4”...“.-“.4”4”... r
LA T N
N N

A AL LN NN

.. .
e e e e
r F "
[ | o
e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
AR s LNl N LN NN NN LN LR LN
3 .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .T”.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .T”.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T ”1
”1 H.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .TH.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T o ”1
”1 . H.T .T”.T .T”.T .T”.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T o ”1
i .T.l..T .Tb-.f .T.:..T .T.l..T .Tb-.f .T.:..T .T.:..T .Tb-.f .T.:..T .T.l..T .T.l..f .T.:..T .T.l..T .Tb-.f .T.:..T .T.l..T .Tb-.f .T.:..T .T.:..T .Tb-.f .T.:..T .T.l..T .T.l..f .T.:..T .T.l..T .Tb-.f .T.:..T .T.l..T .Tb-.f .T.:..T .T.l..T .Tb-.f .T.:..T .T.l..T .Tb-.f .T.:..T .T.l..T .Tb-.f .T.:..T .T.l..T .Tb-.f .T.:..T .T.l..T .Tb-.f .T.:..T .T.l..T .Tb-.f .T.:..T .T.l..T .Tb-.f .T.:..T .T.l..T .Tb-.f .T.:..T .T.l..T .Tb-.f .T.:..T .T.l..T .Tb-.f .T.:..T .T.l..T .Tb-.f .T.:..T .T.l..T .Tb-.f .T.:..T .T.l..T .Tb-.f .T.:..T .T.l..T .Tb-.f .T.:..T .T.l..T .Tb-.f .T.:..T .T.l..T .Tb-.f .T.:..T .T.l..T .Tb-.f .T.:..T .T.l..T .Tb-.f .T.:..T .T.l..T .Tb-.f .T.:..T .T.l..T .Tb-.f .T.:..T .T.l..T .Tb-.f .T.:..T i
ook b ok K i) dr & Jr o dr b 0 Jr B b 0 o dr dr o Jr 0 0 O 0 0 0 0 0 0 0 0 B 0 0 O 0 0 B 0 0 B 0 0 0 0 0 O 0 0 O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 B 0 0 B 0 0 0 0 0 0 0 0 O 0 0 B 0 0 O 0 0 0 0 0 0 0 0 O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 B 0 0 0 0 0 0 0 0 O 0 0 0 0 0 O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O 0 0 O 0 0 O 0 0 O 0 0 0 0 0 0 0 0 O 0 0 0 0 0 O 0 0 O 0 0 0 0 0 0 0 0 O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O e
l.‘l.l.l.-fl.}.lﬁl.l.l..q ??#???#??f#kf?#???#?.!iF!:!ii!ii!ii!iF!ii!ii!ii!ii!ii!ii!ii!iF!.-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-.!ii!ii!ii!ii!ii!ii!ii!ii!ii!ii!ii!ii!i:ii!ii!ii!ii!ii!
o o dr b o 0 o0 b W N 1
N bk ode d A dp Ak a N -
dr o b ol o i L bodde b de deode b M b
POl - Pl e a g . r
dp o dr o dr & dr dr b b o b A b b A A
N M - ok ko ke d ke ki R v
3 .....-_.-.........-_.-..._.....-..-........ 3 .rH.r .r”.r .rH.r Eod e ke ke kK e e S e ek kK e e e ke ke ke e e e ke kR Rk e e r
l.l..... .-.l.....l..-_l.....-..-. ”1 > .r”.r .rH.r .rH.r .r”.r .rH.r .rH.r .r”.r .r”.r .r”.r .r”.r .r”.r .rH.r .r”.r .r”.r .rH.r .r”.r .rH.r .rH.r .r”.r .r”.r .r”.r .r”.r > ”1 *
.-..-. .....-..-. .._..-..-.........-.l....... .r”.r .t”.t ._1”..1 .r”.v .r”.t .r”.t .r”.v .r”.t .r”.t .r”.r .r”.t ._1”..1 .r”.r .t”.t ._1”..1 .r”.v .r”.t .r”.r .r”.v .r”.t .r”.t .r”.v .r”.t ”1 N
#&l&.&}. .-......_...-..-......_..:..-. ”1 I .rH.r .rH.r .rH.r .rH.r .rH.r .rH.r .rH.r .r”.r .rH.r .rH.r .r”.r .rH.r .rH.r .r”.r .rH.r .rH.r .rH.r .rH.r .rH.r .r”.r .rH.r .rH.r I ”1
k .-.l.....i..-. ....-—.l.l}.l..-.l.... .rH.r .r”.r .r”.r .r”.r .r”.r .r”.r .r”.r .rH.r .r”.r .rH.r .rH.r .r”.r .rH.r .r”.r .r”.r .r”.r .r”.r .r”.r .r”.r .rH.r .r”.r .r”.r .rH.r ”1 4
.-..._..-..-..r.... .-..r.._..-.l.r....-..-. A e it Pt et P i P i i e i
R N N R A W AL
Ty Ry g N -
dr i iy e _
P M ? 2
W 3
W dp i W e )
[ J *l.l.l.*l...l. ¥ & .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T .TH.T .T”.T .T”.T o ”1
& l..........-..-.._..l.-. 3 i ' .r”.r .rH.r .rH.r .r”.r .rH.r .rH.r .r”.r .rH.r .rH.r .r”.r .rH.r .rH.r .r”.r .rH.r .rH.r .r”.r .rH.r .rH.r .r”.r .rH.r .rH.r ”1
i *..l.l.{ l..- [ . o .T.:..' .T.l..' .'b-.' .T.:..' .T.l..' .'b-.' .T.:..' .T.l..' .'b-.' .T.:..' .T.l..' .'b-.' .T.:..' .T.l..' .'b-.' .T.:..' .T.l..' .'b-.' .T.:..' .T.l..' o i
o o i Mlir & & b & K b b b b b b ki ik ik ik ik r
[ i W [y Jrode S dr e dr Jr_g
- P il gy .
ir o b ok o W oW
p I b Jp & b O
L J T I S R I T
- P gy
L J X d *.T.'..T.T.'.T.T.T.T.'..'.T.T
[ d .l.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.r .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T .T.T.T FJ
i o .TH.T .TH.T .TH.T .TH.T .TH.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .TH.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .TH.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T

P

g al
L e W )
LA

X
»

o
X b X
:.-:Jr:a-

X X

o )

o

L

»

X

e e

= NN

[

L]

th
L

L]

*'r
L

L]

L}
X
r
i

e e )
Ea )
L N e R A A A A R N R AN )

L ]

L J

»

»

»

»

E )
T+ & & & ¥
L J

X

.__.._._H.q.q....4....4.—..”.._.4.-_.4.._....-_4.-.4.-_4.-_4......
i *
- L)

X
LI ]
L g

+
+ » ¥
L )
L

+

-
& &
& & ¥
L J
& & &

]
[
» ¥
E
»
L J
»
L 3

»
»
»
&

&
)
L)

)

L )
»
L J
B
&+
B
&+
»

L) i L ')
r LN ol Ll

“ .4.,..4....4.4”...&“.4.-.4&.__..-.4”...”.4”.._.4.-.4...”.4”.._”& '
o At N M AL M MR AL M M

S e e P
AL MM DAL M3 M L L N P e
[

LI
LN

L

't

»
L
L
L
»
*
L
L
¥+
»
¥+
»
X
»

X
L)
X
L
X
"
»
»
[l )
&

L

»

»

&

»

»

X

L]

L

ER )
x
»

L
L q-:
»
»
»
L )
L 3
»
»

»
[
»
-

L)

»

[}

»

-
¥

X B X
™
N
»

Tt T
)
o

'

o
'y

)
P

-
L)
'Y
»

L)
™

L
»

X
B
*
L3
B
L3
»
L)
-
»
[}
»
»
X
¥
]

F)
»
P )
L
-
¥+

L
o)
»

X
L )

X

L ]

* i
E

»

4

»

i

»

L

»

4

»

L J

& i
i
L
i & ¥
» X &
L J L d
»

i
Ea)
*

»

X

»

X

L4

]

L 3

]

4
»
o
o
»
F3
o
L
»
)
L3
4
*
»
»
*
& &
e
»
F3
L
L
»
LX)
L
a»
+
-
L
»

Y
I
)
»
;)
»
F
¥
X
¥
-
by

250.2

i ] 2
.-i. ut “y
el w1 '
el
R " oSl " ol
LNt gt L
Wl A
L] - L] -
T P . e e e e e e
at _-.1.. ol !-_-. B T M T R MR,
R i N e O e T ot S i R e et N O o L N N
I...l.‘ I..l.‘ o g o by o dp ok o o o o ok o o o ok G o o Bodr i e Bodr i i i i
a. u- R R A R A A e S M A e M G M A RO M s
P F A . B M N . N N B A e o e
L2 L2
.Ii.‘ l‘.‘ Lpl e o dp o e o dp o dp o e o dp o dp o e o dr o dp o i o dr o b o o o dr i o o o b o
- o N O R I R R M R N R N e o e N O M O R M N
" W dp e dn g e de e e 0 e i 0 i W e i Wi e Wy e dd el
oy L R N e e )
e e N L e e e e R e A R R M M N
F O N L A e N g
r , F
S " A e o e e o e e o e L o
P - O R A A A N R T M N M
F B R A e e e de 0 e e b e e 0 e e i i e b i e il A e
v w
¥y L S R L B e R M R L L a o  a a  aa a alay
R el o N e e e e e el M e e A A e M )
F . L I R N N N o A L L e
¥ ql.._..-.hi4....4.4.._.4._...._.__.4....4.4.._.4._...._.__.4....__.4.._.._.._....._...4......4...........4...4.........4....._......4.-......}

= .. M B A ¢ ) a e, .. " ._...... R, ¢ W ] M a M a - . . .,..- N, .a...”.. | " ._. A . ¥ . s N . a ” et A o W
OO0
e e e e e e e e e e e e e e e e e e e e e e e e e e e
e e e e e e e e e e e e e e e e e e e e e e e e

g b dp b Jp b Jp b Jp b Jp b Jp be Jp b Jp b Jp o de Jp b Jp b Jp o be Jp b Jp o de Jp o de Jp b Jp b Jp be Jp b Jp b Jp o de Jp b Jp b Jp o de Jp b Jp o de Jp o de O b Jp e Jp be Jp o de Jp b Jp o de Jp o de Jp & Jp o de O de Jp & Jp o de Jp o de Jp e Jp o de O de Jp e Jp de Jp de Jp e Jp o de Jp de Jp e Jp o de O be Jp e Jp o de Jp de Jr e Jp o de U de Jp e Jp o de O be Jp e Jp o de U de Jr e Jp o de U be Jp e Jp de O de Jr e Jp o de U be Jr e Jp o be U be Jr & Jp o de U b Jp & O b U b Jr & o b U b Jr &k Nk &

o o & o o o o o o o o o o o & o o o o o o o o o o o & o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o
P *”***”***”***”***”***H***”***H***H***”***H***”***”***”***”***”***”***H***”***”***H***”***H***H***”***”***”***”*.T.T”.Tb..TH.T.'..T”.T.T.T”.T.:..TH.T.'..T”.T.:..TH.T.:..TH.T.'..T”.T.T.T”.T.:..T”.T....T”.T.T.T”.T.:..TH.T.:..T”.T.T.T”.T.:..TH.T.'..T”.T.T.T”.T.:..TH.T.'..T”.T.T.T”.T.:..TH.T.'..T”.T.T.T”.T.:..TH.T.'..T”.T.T.T”.T.:..TH.T.'..T”.T.T.T”.T.:..TH.T.:..T”.T.T*”***H***”***”***H***”***”***H***”***”***H***”***”***H***”***”***H***”***”***H***”***”***H***”***”***H***”***”* o b W o N
I I I T T T T T I T T T T I T I I I T I T T T I I I I T T I T I I T I T I T T I I T T I I T I T I T T I T T T I T T I

e e aa e n e a a e a e n e nnnaa e an e e a a e n e e e e e e e e
e
: _
e R e aa e a R aa e nnnaa e a n e a n e nnnaann nnnaa e e e
o aanaannannannan e n e an e
e e
ey DRI
L R S R e N R e e N Jp it dp & dp bkt dro kN
L i i i e M
R e e a r, e
Y, - e a a a a
e e a a  a  a a at , S e g el e
i A e * o ¥ i Y
e S RN
$ !i..l - i.a..,l & e
- » it .‘.“ .-l. . .“ .I.‘.l..‘.'.‘ ..I. h-_. . ,

o dF - - . - . ¥ -
o [ ] [ [ ]
w b Lk -
i.! o - o - gt -
.
w .i.' s ‘.-. =3 -_-. ol .
e e
. -

1

ol drodr ol il ik iiiiiriiiihrihriiririiikiiriiiririirihririidriiiirirdrddrihrbririlririirridrbidrddrdrierbririlrrirrdrbrdrdbdridrdririlrirbirrirdbidrdddrirbririliribrirbrdribbrihdrierbiir

.
L]
i
L
I
L]
r
X
1:
o
X
°
i
X
“
r
X
“
r
X
1:
r
X
°
i
X
“
r
X
“
r
X
1:
r
X
°
o
X
“
r
X
“
r
X
“
r
X
°
r
X
“
r
X
“
r
X
“
r
X
“
r
X
“
r
X
“
r
X
“
r
X
“
r
X
“
r
X
“
r
X
“
r
X
“
r
X
“
r
X
“
r
X
“
r
o
[ ]
L4
o

ol oo i

3

X
L
X
L}
X
L4

ar
i

)
r

r
L
i
r

E

X
X
L
¥

OM EDGE

—BOTT

=

- ,



U.S. Patent Dec. 14, 2021 Sheet 4 of 14 US 11,199,728 B2

-

b 2
%

x:uxxx:ux:ux
e

ke b o rom

X
X A

2
xxx:ux:uxxxxxxxx_x.

i i
oo

]

1!!!!!:!*?!!!3!!

k]

e Y ]

F

T,

[yt

Al
- »
L Lu_pf
Pt *al
H:?l:?l' L} ‘4
A L
H:n:n::-!:: ! l-:-l-
M M A > |
A A N W u
B o
AL -
A M N e 1 EY g
A A = e B
i L )
H:H:H:H:F n::r A ‘4-"
H"ill?l?::l!xil :-!x';l!_ e i
Ra_ Ei L B )
e, n:”il{ Py "'h
o e e *x -iI.
A AL MK i, & A
e el )
A AL A - |
AL A e ]
A AL e e e A
M e by
A AL M ] »
i e g e e ]
A AL e
[ ]

PP x:x _

E

]

ey

A

X

k2 ]

k|

=t

- ]
- i
o P L]
-
LN )
.xnx:-::a
F i |
]
A
o
i
]
. i,
'1:1-. :
i
i iy
A
i)
A
A A
I
i)
A
i
i
A
I
'u:x:x:x:xx
.':!?;:!F;:i"x:i! .
xﬂx’: x:x'u:-!
PP
A
N
PP
A
N
PP
A
Lo A AN N A A
A A X oA A A A
L) A A N A
L Cl i i i i i
A A A A A A
:x:x: e
x:x:x
PP 4
A A A §
x:x:x:x:x:x::u‘ 'H:il:?l'il!
L e i i ]
AN e e A A
S e ]
M e e e e A A A
L ]
L
M A g e ae el el
e i i
S e ]
i e i i iy
A A e e e e
A R R N N A A A
A A o e ae e e el
e i i
A A A A A ;
i e i i iy,
A A e e e e e
A e i
A a e e ae el
e i i i
A A A A A e M
i e i i
A A e e el
A e i i i
A e e ae e el
e i i i
A A A A e e A
e i i i
A A e e e e
e i i
M A e e e el
e i i
A A A A A A e M
A 3 ae a0 e e AL L]
M A A e e el
A A A R o w A
3 M A g e ae e e a ol
A e i i
A A A A A A A
) i e i i i
i :x:x:u:x:x:x:xxx”u"n"n" L]
::: :x:x:x:x:x:x A AN M :
o AN A e e i
A XA A AR X L]
i M A e e e
L e i i .
i
AN A B e e e e N e e e
A A e e e o
I e i
1w i i
L o e e e e e e e
i #!31:;_'!;‘1:;_;!;:-:;:1;;1' 'x:x:x:x:x:x:x:x:x:x:x:x:x:x:x:xxx:x:x:x:
] SN R N N i e i
] ) e e e e e e e e e e e e e e e e e e
2] MM N N N R e i i i i
A A R A A A el el A e g el al A A At ol al o A A e A
o e e e e e T e e e e e o el e e e e e e e N e e e e a0 e
- A A e e e e a o e ae aa
I i e i i
e e e e e e e e e e e e e e e e e e
e R R N N R N e i i i i
R A A A A el ar A e g o ala a A A e BN A A A e A X
e e e e A e e e e e ae e e e e N N a gt e a0 e e
e i I e i e
N N N S i i i
e e e e T e e e e e e e e e e e e e e e e e
S N i i
AR R . el a A arae a ad aal al al A e e a al oA e
] 3 ] 1 o e e e e o e e e o e e e e e e e e
= B S S L S S L S S S N R R N R R N N ¥ -
B I L T R B R B e !
. WM MM AW A M A e :
- b & X X ¥ X X 4 & = -
e . bt



U.S. Patent

Dec. 14, 2021

Sheet 5 of 14 US 11,199,728 B2

.
,“-:
]

Far ',." **h 1-‘\-.

N B

o
- .
* *y | A - ."l."....,
- vy g
L ey . -, -
-, L]
..“"'::J"-.-*i-.,a ' *u L Teelm
:".""b'!"l-.‘-'h"' T -y v l-"-l-qﬂ.. . s Ry W L ga
:ﬁ'—-" .‘.idh‘ﬁ::".'" 'q'-l"' L B ‘-'J‘." L A e omsome e v bk "_'.'.-""‘r g T l-*' q.---I-.- ) - -
-.Ll.l_'l:'-‘- “‘.1“.':-' e Lo | -ii ﬂ'l l ] _— uw i l‘.l .:_*_";_-_ P ..'.:.‘.. ﬁ-l‘q-‘.-.-_- #- "#. - "L L ] n.-J:
.'- .-;.\,.- :1_ r‘xﬂ “‘-“hﬂ'g -y . i .,
. l‘-|"-." ".'; q._{b:;ﬁ . .: l':.-'-.‘:.I-* . -y i I-T‘_
Sl .'{:1:;‘@ Ay e, e .
NN R " . - ) L] N . . .
‘.‘-’..".l h-.: y‘b t"l ;I 2 --..""I:kr-tb- ~ - 'J 'ar aole . 'l‘ll- A 'ir-'-h.--i- e ks B4 l|-l LS T e & _= !l_.lill'll ?'ll
Tk 'r!-".:-..‘ 1.1.-‘- i ‘-"F “_g :-r' .\l ""“ﬁqﬂ-i:-l:-' l-‘,t - i ) R Ly s
fa g’ ry -"':‘l-;i. - et ?" - - . X
L L v R N £
SLeoaa N S T ~:: Y SR “
s .'.+‘:'rb*‘b*-lh- L] N ) lh-:q} - *i’ ﬂh _ . PR R e 'l-.l'---'ri R R L P Tl
:I':I :'-‘r'|." |. -.--."\.‘:’ lli Q‘ ﬂ'.*-{r .I- 1! 1 ’ J-'I - . . . o L N LR BRI L W "y .:.* - _— . _ﬁ.‘:-
\ ¥ y 2 b-l ,..-5':11,‘ I‘j‘ - "‘1.,\. F| -.F_-l- .i" ‘f L ; ) - . . ...‘l._.'
;. i' ) ".'..“' :‘ : : '.‘.‘.:‘.:L:' : .."‘. - . I' "‘- ‘ Ll F i .ﬁ-{.‘ 'l"‘:*:F:‘;-' A T i e T a T a
- . . h | ) - .*.\. i.. i‘-br.- -1' .‘- T a.-."l "."..I'.l' "-‘*—“‘ '- "‘a .t.':'.f J - ) ' . -"."#'..'w‘;" J‘ f" . '.-'.'.‘ ﬁ“':‘ll ﬁ ﬂ -“4;":# ""‘ ' “ ﬂ ﬂ
» . ¥ » -t . Do T N BRI ] h..‘h.l._ if . e ﬁ'““ﬁl‘.ﬂf I| l"""-ll'-"ll a'I' i..-'ll-.ll .,‘ Iul
|.q » a! . - *ﬁ { . . -F.:‘ ‘.. -"."nll| v ‘.." Ta K g *-‘i‘q.' L ) - * o T - -“#L‘-hl'#'l‘.ltﬁqﬂ# -'-‘q.---"‘q. - -i . “
rll_ .J H-‘:".r gﬁ - '|ll } ] ]‘- . ‘l. . LA ".."\1,"..',.."':'. i"r‘-I:" ."., ‘?‘ ,."'.'i'q.-.'-_'r.ﬁ o, » ; - .-"\ .: \ R, .‘
L . L n C I | - - ek, WS ATt e o E I_lr_-i .ll' ’ _
Y E o "":"..:. . E R e B N h:x_;.,‘*'ﬂ:* el e , e, . L) l
- . . . O . o -y I "'- Wt . r "
E_ X e } 11', :.. : -.‘:#n “m J' e b_‘h”'_.:!'lﬂ':-':‘-r_.,.ﬁaﬂ_ﬁ"‘b . ! l.
L] . .. o LI . a - L) —T [ ] *:f.lq'l. A l-ldl I..-I A iy,
‘: :. . .. - - T.| . . l.‘.‘ +::'-:.'_'-\‘_|:l_r_'-:-:l:p‘"--‘_.;-:-...11“ - b::“..‘:" i *l-:.lr:-'r:;:-
l-: t l . L :-" :- '.r:-a._ h -':1" ;an: ;-:.: R -:-'.. :.\Il-‘l- - ":';"'.;-'b'..' .:1'. -11-;1-..;"' -..-n-"' :-.i-.- l-:'.‘l‘ o -‘i
*I. r - i. - - .- L] - - L] " I|:"Il.‘:.ll-l‘..r-ul--I'-1."'¢I.:‘I j-lll.- t.lr :"l:\. b '-- "T - L b -‘q.i IIIlI |'. e ~+ 1'|'l~ - -f
= .‘ = - N X S ot - or - - ) x -.:-.'._ Ay ‘.l'rr.‘r,._:- -'. ..“-.I"-.‘|I q‘r i ® 'I..q-‘r‘] . T e uT :-ll-"q
- ., "f'"..-- e * "'i-"-q VT LT R "'y mon '. A LT R ok . 11-*.* LI
A ¥, -|..I L '.' h I"'.I e e et ‘\*Il. o Jom e ';- AL NN R I N 1‘-"‘ ., “1..-.1._ R T B
-. . ¥, ' .h. R N e . LR ‘... "qr‘.-l.: Il_Il-qJ.- 3 ;*..‘.:1, L i:l-lb . ’."‘L ) FLIE RIS .1_-'11“..;- a
Ll . ir.;,. \ |'-..v. o T [i I.l. ; - l-'ll‘Jr_ LHERLECE S BEFL I AL 'l"'lll1_ ow " i iy o
b ] o o .-_1-" " R R e e
1-:. ¥ 'r: .E.“". Ly CT . Y N i L = A
. o . 1 4 .
v i Y
L] + L
'Y ¥ .
* v, 2
. » .
L] L] . o =] -
" N ) . SN r.“"r- R = P rﬂ'#%'-* Ty
% vy Seoim s B N T i S S O
* b o
-4: 1: :- e bt ."P.L‘l'b*ﬂ'ﬂqﬂp- - q- L3 qﬂ- J,-- » -l-‘b'l“i-q..‘-"l-'
¥ . %
LR «
¥ »
NN Y
I .
) ¥
L] X ]
F r L]
] W » X
X T
k " o .
. L] L]
‘. : 3
- [
..J
| ]

.Mih--;ﬂ"l-'-""-**' '

. -
'-h.‘_
' "'
-
L)
T

a L]
R LN i
'-1#'_:-:-"-""1'-"-"""

'i-

g
]
.Y i
% ¥, K]
v 4
. )
+ » .
e -y » -
: Lo
L] L] »
. i- » . “» ry
] ] b F]
'I* A R’ !:‘ v, :
- » +
L% ) h
: - » »
»

it
.:l'

a .p'l""\.
-

.-!}4;'-‘-1- -
gy W,

Fig. 4A



US 11,199,728 B2

Sheet 6 of 14

i L N SR 'Y
- L A
- [
.

‘m o owm
LI
>
‘u.-
L

=
"=
]

i = - ..l._. ) . . .. . . . m.-.
) e ey s ) i
. ._.h.r.l.- s .-..... l-.-..-i. | .-.Ir.... §
I L

A
| ]

}-
[ ]
SO I ()
LI N, "
oy 2 oobg E
.I.f. . T. 1 i' L3
..-. - F .l..l r
O L 3 Wi . |
h '}-.. HH.- ihl -_.' [ ]
e W d
i T S W B |
" -”l.h —_#I . E.._...-..-_ " ) . H
. ‘» el b R < o W il
. " L ] [ " - ) .
: ; L Li
a & o i B
T ,.T*.._ L L _..
L] __.“

n
o

b=
1
-

* 4 r -
=a -

-

i .
i T

300

e ™ ..”_l.-..".r.-_.q
i ..._....1F|1.-
-l.

Dec. 14, 2021

U.S. Patent

420




-
-
<«

US 11,199,728 B2

r s = i .
.n.-. l....l-.l....l...l.l _..-..._

AR LY Nl
T

300

AR " .
e R X EEE" - CEEEEE alalat abal Attt Al Al AU
. L i T T LN
T A e ¥ Y

||||| b N
N e a n e i ~, -

n.a.a._q._q.a._q._q._. e
» P EEEEl -  TEERENNR
PR e e e e e
.

Sheet 7 of 14

o,

l‘n._’
v P
n*u’

R,

v Har
i T

||||||||

et

l'f.‘_lr-'-__

o

-,

.
i
u
u

i ...NII
.
-
.
-I.L.... “dp i i e e il iy i e et

Pl e

el ...i_.._l.q.”.i..._.i ” e

. . m e - -
) ..n_._h f.-.....n r._r.” T s JEAT CEEN . WP O B CE s
xR ._,..__ e W MR ew LICICIC MU I e "eta
. r o r i
. .omr h....._..-... ..__.._. r ....__..-.ln ._..-.l. 1 __.._.-.lu.l
- - [ o+
g, Tam, T e

nn roa g A
W s s Caln' alet oalmls
AR A L) -
A
a .

*
e B A

Dec. 14, 2021

bbbbb

1.- .
e e
& .1‘.—.!. rm
.-.._.l. -.-.l..._.... | roa e n " r - - i ......-.i . .-..-.-...... u-.-u-_ .__u..- LA
' oo, oM "hials wims e oamar. mame wmls 4ty ...... TR X R
plinin L R ~n . . e e e TR
[ ] ‘fl.h -! ! I. .I.1 -..fi-l [ ]

U.S. Patent

Fig. 4C



US 11,199,728 B2

Sheet 8 of 14

Dec. 14, 2021

U.S. Patent

300

o e — o i
- T —— -t "2 b ok i W -
- -.l.lin.l!l.-..-.-. ...ll{l.ll.h.l.-.[..-..-..-..:--

440

ey Mein e
w -.- —— g . A e .ar.".l..l .Unfrl...._..-. .i-....r ”._n..”..”.-ﬂl.li —
ra I b e o Sy B SRR SN o c— — TN e .“
r. _ ii.-t.r |,.l. ' I-I-'l 2 .l‘“r

it

v -puruﬂ.h v __..

T NN N oo oo ooy oo oo T T ¥

. .-ul..-ull.ulu. A R R EE .u.ui..u.u.rl..rl..r A JI
e —"t A v

- L - . il - . - . - W
- T, —_m -y - Y ————E T
,

R sy, Jnxﬂtrﬂmlm:.l..iﬂl..”: "

F o

T T ", .
*‘.““M‘_ﬂ'_‘ . o
LN .

- r r

PN NN O N N

L BT N N e iy

Y
er

' W ol .I
mm & l'-l-.—.:‘dr. -

4

L] e
—e——
ﬁu,*,#
L] | ]

A v
i Fa ....hl * - F _-. y . .
-I.K-. . L . .-_.n_.r.-..f.n.. S — i o il - i o .._...-... i Ay L, I R o I Mot o X K L ] b, ! l...“
.l...l. — -, SN, ..__.r._._.u .- l.l.l_.lu._"- ol e L .l.-_.l.l hoa mep T ..-....._l -_.t l._..l .-..._...1 .-_......l T rm T J.-..__..-. o o T _ﬂ.-. b
- H{iiﬂi [ . e N B A P N L S O R N ...n_.l....q....v._ N P .%
|_].¥-I .!I:.ln!...!dl_..lﬁl.. 't A ., ., ., L. ., ., ., ! ., ., . ., L - . s
- - - R N ottt . l_l. | .ﬂ-
- -.r.r..l.-.-u_-..-..._.ll.ll.ll.ll.ll.ll.ll.ll.ll.ll.ll.ll.ll.ll.ll.ll.ll.ll.ll.ll.ll.ll.. LE B E N l.ll.ll.llﬁhl...l..m..l l.b.l . ." 1'~Il..r
. _ . » !
-
. : — L ™y ™ ™ ¥ [ !
' L LEN LI A L] ] 1 . N : LI L L g ]
o - f._.l - T e atea apE e arew L me ke L rem R et raw ke A e Rl -
I_ ..-_.‘_lr-_.l- - L= o - r r -, r L - r . e » r . g i r r r [ ) ........l......-..J..-.....l......
. .-u_l.l [] e N - — - - - [ N A A N N )
) ' -.___.I.L..-. u
|.ll.lrl{”l...l

Fig. 4D



U.S. Patent Dec. 14, 2021 Sheet 9 of 14 US 11,199,728 B2

EOm m oy s =
W]

..
J o A AN AN A
v ' "-.' L] .-*1.« r

-r

440

Fig. 4E



U.S. Patent Dec. 14, 2021 Sheet 10 of 14 US 11,199,728 B2

) ' 1 e e -l - 'HI‘-I‘_-_‘_ | 1- -
J '..'..lll!.!.l!.!.ll.l |. |.|. .
W o el L L TR e e N
» ' ‘1-'" ol n"H"'a:n:H:H:n:H:a:il:iu:al:al:al::l:P:al:?:al:al::l:il:il::l:l:!l-!l:l:l:n:l:l:l:l:l:l:l:l:u;.
" LA ap ] .
1"?: xxu"x"x"rnrﬂvﬂ-'” A 'x"'x'"'H":lxil"il"al"al"al':l"al'al':l'al'al'al-il'il-:l'al-al-a"a"axa!axaxa!nxa"x'x"x" T Ex A EEE NN,
.-:-xxxa:::t:!-:.-. E i e e i i e e e e e e e e i A
2 x :! x N ol N AL :I WAL ili'ilril A A A A A iI’il'iI!iI-il-iI'iI-il-l-iI-l-illl-l-l-l-l-i!xlll.:.i.:.: u.:.: Wb NN A e ' ‘ ' WA MM :r » .-" - .
" EE A R i i i e i S " . e e " |
] PR EEEER i e e L L LN l.l.:.ﬁlxlﬁ‘l...l‘..l%. y d . -
?l?lH?l?l?l?l?lH?lHHIl'!IIHIIlIIIIHIIIIIHII-H A X M N -
] L L e e L i EEEE b - e e il ) -
" .ll.i.i?l?!il"l"i'l"l"l"l'illililllIIH FAANEEEEEEEEENEN .:.l.:.l.h BN A xS A ax
i G III'II Ihlh Ih I- I- Ih 4 N X A
| i i e e > :-._-
P I i A i 'h.h .h- | I:I.I:I.I.I.I.l. d
e : 4 IEII
. SO T e e e e i ) o gL
.y by e W R M M N NN = .h .
[ e e e M Mo N A AN A ; SRR "'H:h HIIH ..q.l.%..l. .
il e g i A e L L i - ". M .,Il!-. B
i i . - IIl i i :h- b .
B i - X i ol
- AT LA .
by, i ' L N
, p
ri . e
! 'xxn :'" X ':l”:l-ll )
e i L | i |
A A X AN
| A i
i i, L ] A NN
g iy A_ AN
i x Lk
i ] A _m
E i i M wir i -
:::I:;l m - > :!:-:
N : L |
" ]
:I:I ] "1.-'1" . I::I:l
AL AL M A A
"n":lr N

-
o
EY
-l

h

h
e . ]
el el )

]
N
S
A

o
i

Y

ki

X7

L .
Ml e R M N M N M M M N N K N NN N N N KN KK NN N NN NN KKK

.!II!II!IIII!\.IIIII!\.I\II
b

SutemtateTets St
Ceetatetaterets et

L s Y
e A T
e . i
e : i
:l":l x" ; 3 3 n"::-:l'
e , S
i i
e b e L
AL A A v
VR )
N e o )
o My . e
A - ]
ol - -1::3:-_%: e
e v i :"f-"h.-. i i
Mo ::'1' " .'1':'1'- e T
" i " .:‘:'Ill.l. )
'l"lxl ?‘:-!“I l- .:"'I- . 'Ix'ﬂ-?l :
nn . " .I:'Iﬁ ..I-: s
e . ) o Y
e L " .F:'Iﬁﬁl-: )
El"l"?lh sy " .:.E'III-..Ihl-: i
.-:ln-ax. Ao " '.:‘:'Ill.l. )
i ik o e
Sarete it tutat e ety
L™, :n :al-: .h...ll:_ I:F!:l: '
B

- .:;;:;'-.%:'. gtk

e

N > AL %.h.l; X ,

- + ‘i-' . I'1-- Y l::h%:h:n:v"a lx:x". [

RN " i s

":_".
gL,
X

o L, T | i : ....:.:. ..- 'l' H: g 'EH . 1.- o F / . . iy i o M : _ - - . M, .: r ::.: Y o . L i 3
i e R
A

':: 'h .
xnaaillnxuaaaaannun‘a:a , " hy 'H'Ia II:I, .“__!!:'-:_!:-!..-‘!-' ﬁ..
3 )

.E

HHHH‘I.HHFHIHIHIHHIPH

..
- llllul?."



US 11,199,728 B2

Sheet 11 of 14

Dec. 14, 2021

U.S. Patent

Hl?"ﬂ""""!‘!!]]

't:x::u:. '
A

»
o A A A A AN A

A

AAdAAAAAA
F

A

]
A
x_X

x

A,
xR

X

l.- R

v

=
A
H

XXXXEXRERRRXLREEREZRFREZXHN
rEEE

"~ om . .
A b e A e A b o o
HHHIIIIIIIIIIIIIIIIIIIIIIIIII
R R R RO A A A A A A A




US 11,199,728 B2
1

: .“.."..“a"__."..“n"__.".."a"__."..“a"__."a“a"n"a“a"a"a“a"a"a"au_ “..“n"__."..“a"__.“..“a"__."..“a"__."..“a"a"a“n"a"a"a"a"a“n"a"a": "..“n"__.".."a"__."..“a"__."..“a"__."..“a"__."..“n"__."..“a"__."..“n"__."..“a"a"a“a"a"a“a"a"a“a"a"a“n"
AR R R R R E R R R R R R R R R R R R R R R R A R R R R R R R R R E R R R R R R R R R R R E R R E R R R R R R R R R R E R E R R R E R R R R R R R
S
A
R EE R R R R R R R E R R R R R R R R R R A E R E R R E R E R E R E R E R E R E R E R E R E R L EE R E R R R R R E R R R R R E R R R E R ER R R ERERERERERERE
e
i i
R R E R E R R R E R R R R R R R R R R R R R R A R R R R R R R R R R R R R R R R R R R R R E R R EE R R R R R R R R R R R R R R R R R R R R R R E R R E R R R R R R
Ol
I
IR AR AR AR AR AR AR AR AR AR AR AR R AR R R R R E R R R R E R R R R R R R R R R R E R R R R R R R E R R R R R R R R R R R R R R R R R R R R R R R R R R R R
I I
A
RERERRERE R R E R E R R R R E R R R E R A R R R R E R R R R R R R R R R R R E R R E R E N EE R R R R R R ER R R AR EE R R R R R E R R E R LR R
Ol
I
R R R E R R R R R R R R R R R R R R R R R I E R R R R R R R R R R R R R R R R R R R R E R R R R R E R R R R R R R E R R R R R R R R R R R E R R E R R R R R R E R R
I
I i i
AR R R R E R R R R R R R R R R R R R R R Y R R R R R R R R R R R R R R R E R R R R R R R R R R E R R R R R R R R R R R R R R R R R R R R AR R R R R R R R E R R R
I
i
E AR AR A E AR AR AR AR AR A AR AR AR A X AR AR AR AR AR AR AR AR X R AR AR IR AR AR AR AR IR AR IR AR AR AR AR A R AR AR AR AR A R A R A AR R
I
i
REER R R R R R R R R LR R R R R LR R R E R R R E R R R R R E R R R R E R R E R R E R E R R E R R E R R R R E R R EE R E R R E R R E R R R R RN
I i i I
I
R AR AR AR AR A E AR AR AR AR AR AR AR AR A AR AR A AR AR AR A AR AR AR AR AR AR AR AR AR IR AR AR IR AR AR AR AR IR AR AR AR AR AR AN
o Il
P B i
R R E R R R R R E R R R R R E R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R
R
i
AR AR AR AR AR AR AR AR AR AR AR AR A AR AR AR AR IR AR AR X R AR AR AR AR X R AR AR AR AR A R AR A R AR AR AR AR AR AR AR AR AR AR A R AR AR R
I
B B R R S S e B B B S B i i A i O B B
AR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R
Nl il I Il i i il i
I
N N S
I A Il
N B B B B S B S i i S i i i e e
R R R R R R R R R R R R R R R R R R e e e R e e R e R R R R R R R R R R R R R R R e R e e
B N N I N N B W N B B I I I N N N W Bl N Wl Bl
gl
A N S i
I I
o N B i i B B N B S S B N i i S i i i i O
R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R e R R e R e R R R
o U I U N B O O R i I I I Nl 0
T R T T T I I I I I eI A I e I e e I e I R R I R I I IR I IR IR e e e e R e e R
N N S N N i
I I Il B
B B B B B R B B B B B B B N B B N B i N i i
4 O
N M B N B N B N O B I Ul U N N I B Ol B N B M N B M
i B I
N N N R N N N
I B B i I i T I
B B B B 0 B B B O B B B B R U B B B N T B e B I B
R R R R R R R R R R R R R R R R R R A AR AR A A R A A AR A A A R A A R A A A R A R A A R A R AR AR A A AR A AR A AR AR A AR AR xR
N B O N I I B O U N 0 I 0 U B B B B B U B B B B B O Bl B Bl Bl M B B U .
1 0 o
o T N R N
U B O i I I O B Il U
R S B o B i U e B N B B B B B B B B B B B B B B i B B i T U
T N R
N N N N N B e T B T B B B U B B U B B O i I I B T B i B
B I i I I
R B N W N N N N
n_ _ P I U B B B O B B U B U B B B T e B U I B B B W B
N B B B B R S B B T T B B B B B B B B B R I
O N R N N
R I 0 I B B O B B U B B B I B T I O I B B O i B B
B B B B B B B B B B N B B T i B B B
0 0 P T N
Bl I I B I I B U B B U B U U B B B i I T N U B
R R B B B B B B O e W T B B B U B B B B B B B B B B U B B M R T N N B W
O B B B B B B B B R
N B O I I I e B U B B U B I B B B B I B 0 I I T B U T U I N W I N W W R
3 N T N N
I N N N R N B N R R N
I I Bl B B B B B B 0 U B I T I T I T I B W i W i
R R B B B B B B B B B R B B R B B N T B B N B B T N I B N B N N B N N B N T 0 N U B O B B B B W
B B B B B B
N N B I N B N N B e 0 W AU U U I A B B BT B I B B B B I B U I 0 I I I I N N B W
0- B T I I B I R I e B B B B B B
T xx A xR EER AR XA LR A AR AR A A A AR XA A A A A A A A AR AR AR R A AN AR AN A AR A A A A A A A A A A R A A A A
o B T U I
RO R R R R R B i R R i R R o I N B N I B N N B N T B N T B B B B T B A B B B R B B B B R R i
R R B R
I U i W i B . I A I W W W W W I W T I T I A I T I A T I A I I W W I N W i W
1 I I B B B N I
e B R N N N N N N I O N I N N N I N N 0 0 U O O 0 0 N O N N N N N N
I I B I B B Ul B B I B B B i I B U
R R R B R B T B B I I I N I B N T T N T I N T I B T BN T B I A T B BT T B B W B N N i
I B R I
o A T L R T T RO T T RO T O T T PO T P TR T A T T A T TR T T T A T T A P A e A e e A e R e A e R e R e e R e A et e R ae et pe At e e ot pe e e
RN B N R T B U B B I B i I B I i
P B B B e O 0 N O T N N N N 0 N N 0 N 0 0 0 U O T N 0 0 N O N N N
e I W B T B T U Bl I U I A 0 I AU A U U U U R M B M,
B B B B B R B B I B T T B I I B BT I B T I B I N B I N I N T I N I T I A N I I N N I i i
t B R N I I I N I N N N B A N N N
A A A R R A P R T RO A TP A T TRt e A T e e e o e e ac e e o e o e e e pe e oo e e R ae e pe ot e ae ot ae e e ae e o e o e o o o e o o pe o e e e e R
o B B B B B B T B U U i I U I U N A U A A I I I I I I I I I
S N B I I A I N N U N 0 B B N B B I B N I B0 N I B0 R B B B
o o A A A A A R A R A ot e R At e Rt A A TRt e A A e o e e o e o ac e e oo e ae e e ae e ae e ae e e ae Ao e pe e e A e o o e A ae o e o e e e o e e e e a3 a3
e B R R B T B B B B B I I I I I I I I I U I A I I U I I I I I U I I U I I A
P B B B B N e N I A I A I I I I A I A I A A N N N N A
N T B T B B B B B B 0 B 0 U I 0 U A I U U I
B B B B B B B B R B B B B B O U U U Il i I U i I I U I U I I I I I U I A I
e N B N N A I I I I I A A N N B A N N N
I I B I B B I B B I B B I I A U I I U I I I I A I I I U N A N
R B R B R R B R R T T U I U I i I N N I N I
PO B B B B B B I I I A I A N A N B A U B A I B B I NI U I i
o B U I R U B B I B I T 0 0l g A I I I U I 0 I U U U
R B R I R T T B B B B I U I i T i U I I T A I I U I I I I I I
h B N N I N N U B N U 0 N 0 0 0 0 B 0 I I I N O A A 0 U U U A A A A A A A A A A A I
e T e T T A T T e A I A R ] A e R o R e A Ao R e e e R pe A e o ae e e Ao o oo o o o e e ae e e e e e e e ae e ae e e e pe e ae e pe e pe A pe e o e e o e o e o
I I B B I B B I B B R B R T L I I I U U A U i e iy e L T M g T
P U I B A U A A A A A A A A N £ )
T e R A A R T A A A e A TR T A TR A TR AL AL AL AL AL AL AL AL A AL A AL R A AL R AL R AR R AL AL R A AL AL R R AL AL R Al A e o m S a o m A WK A
U B N B R N R N R R R T R R I R i U I I T I I N I I N I U U I A U I I I I I I A N A R U I A i
N N N N N 0 B 0 B 0 O B B B S A 0 0 A A A A A A A A A A A 0 G A B A A B A A A A A A A
I I I U g I 0 g 0 I I 0 N A i Nl N I
T I T T T T T N U N N N 0 N U U U A I s 0 U U U U A A A A
O A I I I I U I U I I A B A I A I I B
I I I B I B B I B I 0 B N T I O o s
S R R B B B B B B N N B N R R N N N M T XA K A U A A A B N 0 0 U A L A
N A N N N N N N 0 N 0 N 0 N 0 M R xa a e e o ka ; A 0 A 0 A A A A A A U A A A S A A B A 0 0 A A A
o A A A A A e R R o LT R At T AT A T T AT T T A T T e e o oo o o e o o e e o o o o e
B I B B I B B R T R T T s B M BN BB 0 T T T T U A A A A
oA e el e el
o A A R T A A TR T A Tt T T T A T A A P e e i M L L AL aL sl sl sl sl sl alal sl 2l
B I R R R R R T B B I B I T I I T T A T A T A T A T e e e N e e e e e
AR A A R R A R R A A e e e sl el el st al sl ) *
I R e T T T T T T T T
U R B B B B R B B B R B R T T B T I B B B B I 0 o i A
B B B R R
o A R A R A T R A A TR TR T A TR e T o A T e e L AL e e sl el
2T o o o R A o o A A A oo oo o e o cad e e o e ae e o aae ad a N Aa a a ala el Y - - - -
I I N I N N N N N N B N N U B I I N 3 T a a aa a s a e aaaaa ae
e o e oo e o o o ae e R A e oo ae oo o e o o o e o e o o e e L L L Sl Al e sl st el el
o A A A A R A e N N A L A sl Al
aea o aad ad ada ad a aaada aae aa aa a a aae e a aeaa aa aea  w a al aa aal a aa al a aa al sl
e A TR T A T TRt e T T R T e A R A A A A e et M L AL AL AL Al sl st sl sl sl sl 2l . e
T R R N I N R R T T A
AR AR AR AR R A AR A AR e el et sl el sl s s al sl )
o ol o oo o A A e e e o R R e ae R A oo o ae R ae A e o Cpe e o oo o S S el el
A R A T A T T T A A I S Al
A pe e e e e e A A A e e A A A e e e e e e el e el el el el e e
o e e A A A A T A A T T R T T A T e e A e A e
I I I R B B R I R U I R N I O YT A
AP R R TR AT R AT T A A e e e o sl el S e st el sl al
o o o o o oo o e o e e oo o e o e e e o e oo o ae e e o oo e oo e oot e L S ALt st el Al et el sl sl a2l
I I I I N N B N N T B T I N T I U B I I B I T B I B T i i T T
2 o R e ae aaaeaa aaad adaaaaad aead  aad eadae  a aa aal a at a al al a aal al sl
o o e e A T R R o T R T T T A T A T T A T T o T T e e e e A T g L e A L Lt sl s el sl sl
I U I I U I U I U I I I I I T T T T T e T Ty
B o e e A e e A e e e ae e e e e e a0 M et st sl sl el s s el sl )
e o e e A e e e R pe o pe e pe e pe A pe o ae e e pe o el e o o e e o e o oo L L Al sl sl sl sl sl el sl als
A A A T R T T R T A T T A T e A e g e e M Al SN S Sl At sl el s sl el
o A A A e e A e e e o R e e e e e e R e A e o e el el el 3l el
oo o o e e o R pe R e e e e R pe e o pe e e e oo e o el e e e e e a3 P L L AL a st sl el sl st al s alal sl 20}
I I U I I U I I I U U I I I I T T T T T T T T
1 A e R R AR B R A AR A A e ae e e e e e e st el et el el sl )
o e oo o e o ae e ae ot e e o e e o pe e e pe o o e o o e o e o ae e ae e o e et sl Ll et el s el st al sl al sl alsl el sl
U U I A I I U I I I I I U A I A I I I I T A T A T
AP R e e PR PP PP P AP P A e e e A pe e e e pe e e e e pe e o sl e el e el al s el al e Y { Sttt At gt Sttt
B e o e o e e pe e e ae o e e o e e e ae e e e o e e ae e e ae o o ae oo o a2 M st e el el sl sl s sl sl
Ao e R R P PR R e e e e ae e Ao ae e o e e e e e e L A A AN Al v e a2
R R ae AR P R A R A A e a e e pe e e aa ae ne ae at  a aa al a al a al al  al bl AL A M ALt At al bl et Attt
o e o e o e o R e ot e e e e pe e ae pe oo e o o e o e o o e e e o Ll ALl et s A sl sl el sl L e e s a el
2 oA e e e e e e aa r  at a a a a a aa a e W At Lttt Ut e
o e ae e R e P R AR PR AR e R A e e e e e ae e sl e el s el sl .lu-i-i-__u-__.-_.l_-....q.q
oo e e ae pea ae e pe ot e pe o pe e e pe o e o e o o e o e e e pe o ae e ae o peaet o MLt e s el T el s s el . .
o o o e ae e e e ad e e R pe R e R A R R ae e R B A e pe e A ad e Ll el ol . P o
0 O A A A A I A A B A B A A A A x axa waaawx a  ax  x ) e e
oo o o o e e e e R e e e e R A ae e o e e pe e ae e pe e o e e ae e o e o el L el aa ey e e e,
I I I N I I I I U I U g x4 il Sl 5
A I I U I A I U N A B A R B R e el sl 2l N AR ERER R R
A e i e i e e N e s s e s e N e N e e N N T T T T T T Ll alaly R o Wl N
I I I I T U I N I U I I I I I L a aa a a a a2l A
PO A I I R A N A A A A U B A I n Rt e Sl ) Catal sl k)
o o e o e o e R o o e e e o e o o e oo oo ae ae e oo ae A oo o e e o e e oA e A sl /
2 L N A A I A N A N I A M B x .In.__.....__....._...__..__.....__. [l sl
I I N I A A I i N o S e el el el
Ao oo A R AL LR AL R L P R P L R R B R R A R AL L oL e e e
I I I U i i I i I I U I A I I i Tt T A .
A A A A A W % % LA
oo oo e e o ae e e A oo o e o e o ae e e o e ae e e ae e e e e pe e pe e L AL L aa ey
U U L A I I I U I g 4w T T T i e e e
[ o A A I A A I A A A A A A A A g x a a a e a a el sl 2l )
U A A A I et e el sl el alal 2l a0 .
R I I T U U I i I i I I I B i 0 e T T T T T a
O A A B A A A A A A A A A T A B A n e el el Sl 5l s alat sl sl 2l wea
4 R A I I I i Y T T Tt T Ll el el sl el A
U A U A A L A A 0 A 0 A U U A A R 4 e e Ll el i
U I U U U A U A A A N B A i e o el el el Y ol l s al ) W
I aa e T e T e T Ll a
A A A 0 T T U O A U U U U I U Ol el sl 30l | Lo a2l A
U A A A A A A A A A A A A A el al sl alal sl sl ol a Pl alal ol ol %
e e e A e e R e e o e A ae e ae e e ae e e o o e o e o e e e e e e T T T ¥
_1 U U U L L A I i L e e s e s s ar s a2l 2 2 aa
A A U A U A A M A A I U sl i aa a al  al s al s ol 5y W
A A A A L 0 s L e e e el a s a2 iy
I I i I I U I I I N I i i L s e s e sl A
O A A B A A A A A A A A A T A B A s et sl s ol s sl st sl sl al s alal al 5l 2l ae
B oo o o A AL AL R AL A L R LA R B R R AL AL R e R R AL e R A e AL L e s el s el o
U U Ll e e sl 2l a2l a2 "
A A A A U A A I A U I A el et el el s al sl ol ol s Calalaial sl /
. I I I I I I I I I I I I I A H.__.H.__.H...H...H...H...H.q”...“...u...u...“...“...”....q H;H...H.__.H...“... .
A ”r”u.”u_.HrHu_.”rHrHr”erHr”rHrHr”rﬂrHr”rﬂ ‘ .4H.__.H.__.H...“...H...H...H...H...H...“...H...H...H...H..r ; “.__.H...H...H.__.H .-_w.-..v.____.v.-_w.-..v.____.v.-_w.-._..._.__.v.-__w.-..v.____.v.-__m-_.”_.__ﬂuv. o M P
Il.. A sl i oo A A A e T T T T e T T T T e
A A A U A A A oA A A A e N A S A
e ..wr.”v_ﬂr.r R, z”v.rn”x”nrx”nrv.r.nr / rx”vﬂr.rv.rnrxr ~ 4.4.__..4444444444&44444444444.4”4
v_nr.rnnr.r o o Tt
A
A
g

U.S. Patent
1

AT T T TP T TFLET .r.-‘..r. .r.-l..r.-‘..r.-‘..r

L R



US 11,199,728 B2

Sheet 13 of 14

Dec. 14, 2021

U.S. Patent

300

1

ETRREERERERERERENREREERERERERRRERR VREFRNREFERNEFENENEREREFEREREREFERNRERNREREREN r EFE R FR ERER FER FERER FRFERF R FNEFERFRERFERFENENRERERTE

o e ”
A XEREREREREREREREEREREREREEREREEERERENERE TR EFFREREFERFREFFRENEAERERTE - EERENEERNREFEFREEFENEENEFEREEFENFENRFEREEFERFEREFERNEREENFENER
2 R RERERRERERREEREREERERERENERERERENERERERENRE - R ERENEREREEREREREEREREREEERENERENERRENER EEEFREEEFEEEEE R R E R R E R R EEEEEREEEFEEREEEREENERRENERRENHR W
EERERRERERENERERENEERENEERENENERENEERERENERER . FEEEEREEERE N ERE R E R R EE R E R R EREEE RN  RERENERENENERERENEERENENERENEEREEEREREEREREEEREEREEEREREEREEERENENER
L w
A R ERRERERRERERERERENERERERENERERERENERRENER " FEREEENEREEEREREREEEREEEREEREEEREEER Fr EEEEEFEEREEREEREEEEEEEREEEFEEREREEREEEREENENRRERERRENR
L R R K RERRERERNERERERERERENERENRERERERENERERENEEEEERENEEREEEREEEREEEREEEEEEEEERENERER ERREERREERREEREREEREREEREREREEREREEREEEREEREEERREERRENERR w
EXTREETREXLTRE TR TRETRE TR AT E TR TR TR TR TR EEEEE R EE R EE R R R R R R R R R R AR EE R R R R R R R R R R R AR R AR R AR R A E R AR R RN R
xR REREREREEERERRENERERENEREREERERERENERERERENE - R EERRENEREEREREEREREENEREEREEEREEERENER EREEERERERENERERERENERERENENERREEREECEREREEEEEEEEEEEEEERER W
EREREREREREREREREREREREREEREREEREREERERERERE  EEEEEEE R ERE R ERE R E R R R R R EREEEEEEEN fE R EEEEEREEERERNEERNEERNEERNENEERERNEERNEERNEERNERERNERETHR
L L w
xR ETREETREETREETREXITREERETEXRETRESSRESREY - ENEREEREREERERERENERERERENERERERERENEREEREREN. IR EEREEFEE R EE R R EREEE R EEEEEFEEEEEREEEREENERR
XREREREREREREREREREEEREEREREERERERERERERERERE P EEEEEREEERE R R R R R R E R R E R R EEREEEEENE REEREREREREREEREREEREREEREREEREREEREEEREEREREERERERERERERERENREN w
e
R RERERRERERRERERERERENERERERENENERERERERRE N X RERENERERERENERRENERERENERERERERERENENERERENENENERENENERERENEREENEREEEREREENEREEENEEREEREREER R EEREEEEENENERENENRER W
AEXEREITEETREERESITEITRETESTEEARE RS ESTRE TR E AR RS RS RE RS E AN RS E SR R T E AR RS EARE T RS E TR RS EAR T RS ETRE TR ESRETRES RSN YR N
AR RERERERRENERERENERERENERERENERERENERERENERERENERER A FEEFEREREEREEE R R FE R R R R R R R R R R R R R R R R R R R R R R R R R R AR R AR R AR R AR R AN w
ERERENEREREREERERENEREREEREREEREERERERERERENE S EREEFEREERERENEREEENEEEEEEEEERE R E R R E R R EEREEE R EEEE R FEE R R EREEREEEEEENEREEENRERENENERRENERN
ERERENERRENERERENERERENERERENERERRENERERENEREREREENL T EREEEREENERREEEREENERREERE R EREE FEEREREE EEREEREE EEEEREE EE R E R R EREREEREE EE R EREEERERRENERRENERRHN w
AREXTREITREEITRETREITRE IR RE TR AR RE TR AR TR XA E TR TR AR TR T E TR TR TR AR TR AT RE AR TR T RE AR E TR AR R AT E AR E TR AR E TR AR RN LR XN
ERERERERENERERENEREREERERERENERERERENERERERENE :  EEREEREEEREEEEREREEREEE R R EREEREEERE EEEEEREE R FEE R EE R R EREEEREEEEEEFEEEFEEREEEREENERRN W
EREREREREREREREREREEREREREREREREREREREREREERERERE T EEEEREE R R R R R E R R E R R E R R E R R E R R E E R E R R E R R EE R E R R E R R EEREEEREEEREEEREEEREEERERENRERERN
EERENENERENENERENENERENNERENENERENECERENENERENNEY RN EEEEENERREE RN EEN RN RN E RN R R F RN R F RN R R RN E RN RN E RN RN R E NN w
XEREETREITNEXEREETREETELSTRETESTESTREEER AR R EXAREERETEXTRE TR EST R TR A E SRR EXARE T E S R E TR AESE R AR T EEAREEEESEERE S ESRE SRS ERER N
L EREREERREERERNREERNRERENERENERENERENEREYERNEEENEERENERENRERENERENREERENERENRERENRERENRERERENERENREERENERENREERENERENREERENRERENREERENRERENREERENERERENRRE w
ERERRENERERRENERERENERERENERERERENERERENERERENERERENERE cFE TR TR E TR AR A E TR TR AR AR AR AR AR AR AR AR A AR AR AR AR AR A AR AR AR AR TR AR AN
X RERERRERERREREREREENERERENENEERENENERERERERERE MM EENEREREENERERERENERERERENERERENEREENEREREENEEEEEE R EE R EER R E R R EEEEEEEEEE R EEREENERENENERRENERRERERNHN W
XA EXTREREEITEEIREERESETNE SRS EARE A RS RS S RS E AR RS E AR R T E AR Y R STE AR YRS E AR TR T E SR R E AR R E AR RS R AR YRR TR AR YRR NN
rTEENERENENERENRENERENECERENENEREN NN RN RN EENENEREN NN EEEEENEEEE RN R R RN R F RN RN F RN RN E RN RN E RN E RN NN NR & w
X EXTREETREEXTRELETREEITNEEREEEREETEXERE T ESEEAE A AR TR AR EAR A EEE XA E TR A E SR TR ESERAREEEARE T E S RS E TR A E R AR TEEARENEEESNEERE S ESRE RS N
XREREERERENERRENERERENERERENERERENERERENERERENERERE " EENFERERENERERENERERERENERERENE RN EREENEREEREEERE R EREREE R EEEE RN EEAEE RN EREE RN EEEE RN EE RN R w
Qe T R X EXTREITREAXARELTR TR ETNR TR EXLTR TR EXTR TR ETNR TR A EXT R AT E AR R AT EAAET R T EAAET R AT EAET N AT EAAET R T EAET N AT EAETNRNTEAAEXLTN RN K
R ERERRERERERERERREREREREENERERENENERERNENERENL SRR ENRRENRERERENERERENENENRERNENRERNENERRENENRRENRERENRERSERERENENRENRERNENRERRSNERRNERRENRERENRERSENRERERENENERNRENRERRENRERRNER W
ATREETREITREEREETREITREEEITREITEERETETREIEERE Y XA ERA AR AR E AR AR AR AR AR AR AR ERE A TR A ERE A TR AR TR EREEERE X
XA ERNENERENENERENENERENENERENERENENERENERERENERE FENENEREN NN RN N EE RN RN R RN R R RN R R R RN F R F R R R F RN R R RN RN RN NN w
TR X REXTREETRETREETRELETREEITRETRELERERTERXAREENEERE  E TR EST R AR REERER AR T EXRE Y E S RS E TR A E R AR EXAREEEESATE RS ESESTRAEERSEREEEERERESNESE RN
A RENRENERRENRERERNENERNRENERENENERENENERENENERERNER - FXNFNERENENERENENERENENERENRENERENENERENENERENRENERENENERENRENERENENERENENERENRENERENRENERENENERENENERENRENERENENERENRENERENRENERENRERERN RN w
XXX LA XX LA A A R A AR AR AR AR A R A R A R AR A R AR A R A AR AR AR A AR A A AT AN
(R ERENERERENERERRENRERRENERRERERERERERERERENENERER YNERNENRERREENRNRENERENRESERERENENENRERNENRERNSNNERRNE®RRENERENRERSNENRERERENENRERNENRERRENRERRNENRRERENERENRERSENERERENENERNRERERRE N W
ITRETEXITREEREREITESEREEETTEITREEEIESRE SR A EXAS SRS AR SRS SRS SRS E RS ER A E RS E RS E R AR SRS E RS E RS E RS AR AR AR RN
AN NKEKERENRERERERERERERNERERRNERERERNERERERERERERERERENLTRENRERERERERERENRERERENRERERENRERERENRERERENRERERENRERERENERERENERERENREERENERERENEERENRERERENRERERENRERERENRERERENERERENERERENEERENEERENERETR w
LR EEEEEEEEEEEEEE EFEE S EE LR EEEEEEEEEENEEEEEEE R EE SR EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEFEEEEEEESEELENESENEESSEN.N.]
T EEERNENERENENERENNERENENERENNERENENERENENERERNE: FNERENNERENENERENNERENENERENENERENENERENENERENENERENENERENENERENENERENENERENENERENRENERENENERENENERENENERENENERENRENERENRENERENRENERRN w
A XTREAREITRELITEITRETRE T E IR TR A E TR A R A AT A A A AT A A A A A A A A A A AR A A A A A AR AR AR A AR A AT AT AN NN
X _FE_FE KR R R E N NR K E KR ENERERESENERERNENRERRNENRE S EERRENENRRERENERENRESENERERENENERNRENRERRERERREENRRERENERENRENENERERENERERNRENRERNRENRERRENRERRENENRERENRENSERERENENERERNENRERRERERTR W
Al ELrEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEREEEREEEREEELREERLRENERHN.}N.;
L w
A EAEA NI EA SN EFAEA AT E NI A NI EENESFEESFEE R EFE R EEEEE SN EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEELEEEEESESESESEEEEE)
EN_E RN E RN ERENERENRENERERENERERENERESENERENRENERENRENERESYNERESENERESENRERESENERESENEERSENRERERENRERERENRENESENRENERENRENESENENERENENERENENERENNERENRENERENENERENNERENENERENENERENENERENRENERENRENERRN w
AXTE XA XA A A A AL EEXE XA XXX EXEXEXEELX XXX XEEX XXX AEAYEXXEEXAEEXLXXEEXAXEELEXEEXAXEYEXXEEXXEELXEEXXEX
X RENENERERNENERERERERERENEREREERERERENERERERENEREREREN RS RESY ESXRELEREYENXRESYEYXRESYNESXRESYNESXRESERESYEXNREYNESYRENXNESYRESYNESXNRESXRESYESXRESEYNRESYRENXRESYNESYRESNESXRESNESX N W
XAEXEREREREITEXEREEEITESEREEREIETRERERETESEREE TSRS AR SRR SR SR AR AR SR AR AR AR AR SRS SRS AR ER SRS EREEREEER NN
( EE K K KN KE KN KRN KX N KRN KERENRRERENRERERENRRESMS N ERENRERERENRERERERERERERERERERERERERERERERERERENRERERERERERENRERERENRERERERERERENRERERERERERERERERENRERERERERERERERERERERERERERERERERERER - w
R EEEEEEEEEENEEEEEEE S EEEEEEEE NS EEEE SRR EEE R EEEEEEEEEEEFEENEEFEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEELENEEEESNEENNEN,
X_FERE R REE R R RE R RN N R R R RN R RN NRERENENRERRNERS-SXEREXNRELXNESXERENXNRESNENXRESXRESXNENXRESXYNRESXNENXRESXNRESXNENXRESXNRESXNENXRENXNRESXNESXRENXYNRESXNENXRESXYNRESXNENXRESTYRESXNESXRENXYNRESXNEX w
= i A
ME_RE_FER K R ENERENENERERENENERERENERERRERERERENERERENX EFXEXRESYEYXRESNEYXRESYESXRESEXRESY EXREYEYRESXNEYREXYNESERESERES EXREYNESYRENYNESYREYXNESNESXRESEXRESEYRESRENXREST N W
LR EEEEEEEEEEEEEEEEEEE R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R LR R LR EEREEEREEEREEEREEEREEEREEREREREREB,
X RERENERKRENERERENERERENERERENERERENERIRENERIRENERIRENERENLYXRESREXLYNEXRESRELNEXRELREXYNEXYRESYRESYNEXYNE YRS NEXYNREYRESLYNEXREYRESYNEXNE RS NEXNE SRS NEXYNE YRS NESTNE YRS NS w
AEEE gL E S S EEEE SRS EE R EEREEEEEE N EEEEEEE R EEEE N EEE SN EEE N EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEELENEEEESNHNE,]
AR NERRENERRENERRERNERRSENERRENERRENERRENERRENER.) XX NEXREYRELTNEXREYRETNEXREYREDTN RE_EX R X NEXTNEYXRESNEXTNEYRESNESTNEYRESNESTNREYRESYNESNEYRESYESTNEYRESYRESY N Y w
XXX AT XTI E XA A A A EAAE A XA XA XA E XA E XA EX XA XXX EX XXX EX XXX XXX XXX XXX XXX
LR R NN R KRR RENERRENERERRENERERESENERERENENERRERERM FEXREXNEYEXEYNEYXRESNEYRESYNEXRESYRESY EXREYNEYRENYXNESYREXYNESREXYXRESYEXRESYNESYREXRESYNEYXRESNESYRESNESXRESXNRES K W
LEEEEEEEEEEEEEEEEEEEEEEEEEEEEESFEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEELEEELEREN:
A_KERENENKERENENERNENERTNENERENENERTNENERTNENERTNENERENENERE: - XX ry L ry L ry s ry s ry s ry s ry s ryfry s ry s ry s ry s ray s ryfryf ryfry s ry sy ry sy ry sy ry g w
SEEEEEEEFEEEEEEEEEEEEEEEEEEEEEEEESGEE LR EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEENEEEEEEEEEEEEEEEEEEEEEESEEENE SRR,
AKX REXRESNEXNEXRESYNETNEYRESNESTNEYRESNEXNEYRELYREXTNEYRESRESNEYRESNESTNEYRESYETNREYRESYESTNEYRESYESNEYRESYESTNEYRESYESNEYRESYESNEYRESYEYNEYRESYESYNEYRE YR w
AXXT LT AT XL LEEXA AL EREX XXM XX XXX XXX XXX XXXEXX XXX XXX XXX XXX XXX XXX XEX XXX XX XXX XXX XEXEXELTXEXTEXELTX M
el AN A SN EEENEENEAENAEE SN EENENAENFEEFEEEEEEEEEEEEEEE N EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEELENEEENESNSENEN,] W
E XX EXXXEXXEEXXEERXEEXREERXEEXEERXREERXRE XX ERXXEXE XXX EXXE XXX EXXTEXXEXXTEXXEXYEXT YR YR ERXNT YT ERXT YR ERETERET YRR N
LA Al Sd il ElEASdEl Sl EEREESEEEEEEEESEEEEEEEEEEEEEEEEEEEEEEEEEEESEEEEELESEELEEELESEELEEEEEEEE LSS LN w
XExTXEEXEEREREEXTEALEREEIEREAEEREEEEEE AR AR E X XXX NENXENXNENXESEN XXX RESXERXEXERXEXENXXENXNEYEXNYEYERXNEERESYERXXEERXREENXXENNENERENNEYERNEERERTEREE TN
FEFE FEFE OE FE OE OE B BE OE B ME O E NE E R ME R R NE R N N R N N R N R XX XXX EXNEXEXEXEXENEREXNEXEXENEXEENEREENEXEENEEXENEEXNESRESENEXEXENEXESENEESENEERENEEXENEESENEESENEEXNEEXENEEL w
A XXX XX AEXEXEEEXAEEEAE XXX EXEXAEYEXS XX XN XSE XSS XEXAE XXX S XX N XN XXX XXX XXX XXX XXX XA XXX XXX XXX XXX N XX
A E A T A EEEA NI EFEAES AN N EF AN EFEE A EFEESEEFEEFEEE SRR EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESEEEEEEEEEEEEELENEEENESENENENENENES W
SRR EEEEEEEEEEEEEEEEEEEEEEEEEEEEERESREEEEEREEEEEREEEEEEEEEEEEEEEEEEEEEELEELEEEEEERLEEELEERLEEEREE§R-EEERE-ENER.N
AR NERERENERKRENERERENERERENERERENERERENERERENERRENERRERNSMT N XX XXX N XN XXX N XN ENTENKENKENEN XN ENEN NN NN EN NN NENENTENENENTNENTENT w
FEEEEEEEEEEEEEEEEE SR EEEEEEEEEEEE SN EEEEEE R EEEEEEEEEEEEEEEEEEEEEE N EEEEEEEEEEEEEEEEEEEEEEEEEEEENEESEENE SRR,
(X R X KX N XREXRESXNEERESYRESNEERESYRESXNEYERESYRESXNEY S FEXEESEEREEEREEERE YRR YRR YRR YRR YR N w
E A
xR XN X R XNEXREXRESENEXRESXYRESESXRESYNESXRESNESXRESXRE ™ &8 XX FENXENENENENENENENENENENEENEMNENENEMNENENENSENEENENENENENENXENENENENENE W
A XX XXX EXXEEXEEXEREERXEERXREERXSEEXEERXSEERXLERXXEXXEEXEEXEXEERXXEXXEXXEXXEXXEXXEXXEXYEXXEEXEXYEREYERXE XYY XYY YRR XN E N
KX R X KX NXRESLNESLTNESLYRESNELTNESYRESYNESTNESYRESNESNESY YN XXX NEN XXX NEN TN ENEN TN ENENTENENEN TN ENENTENENENTENENENTENENENTENENENTENENE N w
LR EEEEEEEEEEEEEEEEE R EE SR EEEEEEEEENSEEEEESREFEREENFEEESEEEEEEENEEEEEESEEEELEEEELEEEEEEEEEEEEEEEENEEEEEEEEEENEEN S
M XN E R X REXREXREXREXNEXRENNRESXNEXRENXRESXNESXRENXRESNEY XN EXNFENENENENENENENENENENENENENENENENENENENENENENENENENENENENENENENR w
A
AR X NEXREXENRESXENXRESXNESXRESXNESXRESNESXRESERESEESXRESX NN ENENENENENENENENEENEMNENRENENENENENEMNEENEMNENENENENENENENENENENENENENE N W
A XXX EXEEXEREEEXEEERESEREEERESEREEERESERESEERSERXEEREEEEEEREEEREYERE YA IR EE YA YA YA YA YA YN
L X KX N XXX NKEXTNEXRESNESLTNESXRESNESTNESYRESNESTNESYRESNEX S NEN XXX NXEN XXX NENENEE NN ENENENENEN TN ENE NN TENENENENAENENENAENENENENEN TN w
LR EE R EEEEEEEEEEEEEEEEEEEEEEEEEE NS EEEEEE SRR EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE NN
M ERE XER X NEXREXERXNESXREXERSTNEXRESYRSTNESXRESXRSNESXREXEXN ¥ & XN NN NN NN M NN NN NN NN N NN N NN N NN N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N w
- A
HHHHHHHHHHHHHHH..ﬂHHHHHHHHHHH..ﬂHHHHHHHHHHHHHHHHH..ﬂHHHHHHHHHHH..ﬂHHHHHHHHHHv_HHHHHH..ﬂHHHHHHHHHHH..ﬂHHHHH..ﬂHHHHH..ﬂHHHHHHHHHHHHHHHHHHHHHunHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHﬂﬂﬂﬂﬂxﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂxﬂﬂﬂﬂﬂ y
E
-
4
F

-HH“H“H“H“H“H“H“H“H“H“H“H“H“H“H“H“H“H“H"H“H“H“H“H“H“H“H“H“H“H“H“H“H“H“v_"”HHHHH”HHHHH”HHHHH”HHHHH”HHHHH”HHHHH”HHHHH”HHHHﬂ”ﬂ”ﬂ”ﬂ”ﬂ”ﬂ”ﬂ”ﬂ”ﬂ”ﬂ”ﬂ”ﬂ H”HHHHH”HHHHH”HHHHH”HHHHH”HHHHH”HHHHH”HHﬂuﬂnﬂnﬂnﬂnﬂnﬂuﬂnﬂnﬂnﬂnﬂ “
(LA X XA XLLEELELELLELEALILELLEXELLELEELALEXLEELELEELE A EEXELEELA L AL EELE AL AAALLEEELEEL LA AL LEELA LA LILALELEELEEEAALLLELEEA LA ALAELEE X XX
XXX X XXX EX XX XX EXENXENXEXEXXEXXEXXEXEREXEXEXE NN NN N NN NN MM N M N N NN N M KM MM NN NN M MM NN AN MM e M e A A MM N M N M e A A MM N M N M MM AN NN W
X AEXERXEXXEXEXERXEREZXEREXEXLEXEXERXEXEREZXELXEXELEXEXEXEREZEXLREMNENENENENEMNENXENEMNEMNEMENRENRENEMNEMNRENENENRENRENENENENENEMNENRENRENEMNEMNENEENE N W
A EXXXEXLEXLLEXEALLALLLEXELELEXEALALLLEEELESXERXEEXERXENNN NN NMNNENMMNNMN N NN NNEMENNNNNN N NN N NN NN E w
L AR XX X X XXX EX XX EXEXENXNXEXXEXXXEXEEXEEERXZEXEXENEXEXEXEXSEXEXXEXEXEEXXEREXEXXEXEEXEXEXXEXEXEXEXEXXXXEXEXEXERXEXXXEXXEXEXXEXESXEXXESRXN
R EXEXEXXEXLXEXEXEXESREELXLXELXELEEXEXEEXXELXLERESNERXSEXERRERE" MMM NMNNWNMEMNMNMN NN NN NN NN NN NN NN NN NN NN E N N W
EXXXEXLEXLLAELLELLXELLEXEELAELEXELEXEXALELEXESLEXXN M MR XN ENENENEENEENENXENENENENEENERENEEMNENEEXELENENEXELELENEENXEXENEENEENEENXEEXMNTLN N
X EXE XX XX ENXENXEXSREXXXEXEXEESXESRZEXXEXEXSXENXSEXXLEXE A M MM M N MM N M M M A MM MM N N M M M MM AN NN N MM KM MM MM N NN KM MMM M N NN N KM KM NN NN N NN NN NN W
X XEXEXEXEXEXERXEXEXEXLEXELEERXEXEREZXERXEXELXELEXEXEREEXREXERENMNNNNMWNNMDMMMMN NN MMNNN NN NN NN MMM MN NN NN NN MMM NN NN NN NN MMM NN NN N KN M NN NN N NN NN
A AXEXLEXLELEXEELALELLELELELELELAELELEXELEXEXAEXLEMNKENXMNNNMNNMNEMNNMNENKXNNEMNMNMNENMEMRNRNX KN NER NN NN N NN NMNMNEN NN NN RN NN NN MNNENRXERENXN w
XXX X XXX EX XX XEXEXENXENXREXXEXXEXXEXXERXEREXEXERXE NN NN NN NN NN M N NN NN MMM M N NN NN MK M MMM M NN N NN MMM M N NN N KM KM MM NN N NN KM NN KN N NN NN
X AEXE XX XEXEXEXEREZXEXEXEXLEXENXEXERXEXELXEXELEEXESEEREZEXEREXEXENMNNNNNMWNNMNMMEMNMN NN NN NN NN NN NN NN M N NN NN NN NN NN N NN NN MMM NN N NN NN NMN NN NN NN W
A A X XEXLEXELELEXEELAELALELLELELEXEAELELEXEXEXEXEXEXEXE L KNNMNNMNMNMMNENNNN N MNMNNENMEMRN RN NNEMNNRE NN NN NN NN N RN NN NN MNNNENKNN N NMNNENNENRNXNX NN
L AR XX XX XXX EX XX XEXXEXENXERXEXEREXXXEXEXESXERXXEXEXXXNMNMNMMNMWNMWNNNMMNMN NN NN NN NN NN N NN NN N KM NN M N NN NN KM NN NN N MMM M N M NN NN MM NN KN NN N W
R EXEXEXEXEXLXEXEXESEEREZXEREZXELXELEEXEREXEXEZXELXEXELEEXEXERZEXERER LN NN NMNNNNNNN N NNNNMNNN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN KN KN NN
XX XLELLELILIAEAILLILLELLLEEEILALALELEL LS ERX L XX RN XMKEMXAMAMNSK XM XXX XK KKK NN MKEKE XK MM N X KRR R K MNMK N XM N KRR RN N NN NKE XK XXMM MNNX N W
(LA X X X X XXX XX XX XEXEXXEXXEXXEXESXEENXSEXSEXSXESSXETEHNXSZX P M M e A P R M M N M M M A MM AN MM N MM M A M MMM N NN NN MMM AN NN N KM KA MMM M N NN NN MK N NN NN
LR EEEEEEEEEEEEELEELEELEEEEEEFEELEEEERSE B8N NN NN NN N N N W
ARXAXLEXELLEEALALLELLXELERLELALEXEEXLESEXLEXLXEEXELEREX M NN MNNMENKNN NN MXEMNMENKE NN MKN NN XN NN NN KA NN NN NN KN NN N NNNKEN XN N N A
e A N RN N XN N RN N RN N N A M R NN M A RN W W N M A A A MM N MM MM MMM MM MM MM A A MM M N N M NN MMM MM NN N MMM MM MM N NN NN MK N KN NN N NN K W
X AEXEXEXXEXEXEXEREZXEXXEXLEXEXEXEXEXREELXEXLXEEXEEEEXEXXEXLEREN " NN NMNNNNNMNN NN NN NN NN NN NN NN N NN NN N NN N N NN NN NN NN NN NN NN NN NN N MNNN NN NN N
A A X XEXLEXELEEXELAELLELELELLEEALAELLLEELXEXEXLAEXLEXESLRKDNXMNMMNMMHNMNNNMMMNMMEMRMNKENMNMNMMMEMNRHMMNHMNMNMNHMEMNMNMRNRNRNNMNMNMNMMEMRMMENHMNNXMNMHNEMNRMEMRNXRNNHNNNXMNHXE!R w
XA XX XEXXEXERXEXXEXEXEEXSEXXEXEXLEXXERXXERXXXXXEXN = M NN NN NN NN NN N NN M N M NN MW M M A M N AN MM N M N M AN M AN M AN N M M M A A N M A MM M N MM A A AN M AN N N N N A A
MM M A N E N RN E NN E N NN RN N ENEN N ENENENEREY NN L E N N N N W
N R R A S A
S I I W
XEXXEXEEEXEXEEREXEEXELEEXEXEREXEXEXELXELEESXEREEREZXEXLXEXXEENXSE " NN NMNMNNMNNMMHNNMNNMNNNN NN N M NNMNNN NN N NN NN NN NN N NN NN NNNN NN MN NN NN NN NN N NN NN NNNN NN NN NN MNNN A
L M AN K AN XN NN AN KN NENENEN K NN NENEN LR NN NN NN NN K NN NN NN KN N KN NN NN K NN KN M NN N KN KN MK N NN KK NN NN KN MK NN KN KN MK NN KKK NN NN KN MK NN KN KK NN N A w
XXX XX XEXEXEXXEXEXEXEXEXXEXEXXEXXEXERXXEXXXEXNENRXN o M N N MNMNMNMNN NN NN M N M N N N M M A M N N AN NN M N MM AN A N M AN N M A M A A N M A M A M N MM A A A M AN A NN M A A N A A AN MM MM A A MM M N M M A M NN
MM MM E N RN RN NN NN RN RN NN NN ENENENTNR A N M N M N MM MM KN MM M NN NN MMM KN NN MM NN M N NN KN NN NN NN KN MN NN NN MM KN MM NN NN KN KM KN NN NN NN M N KN KN KN NN KN NN KN W
LA A X XLELXELEIALLILALLLELEEIEAAALALLEEL LA AL L X XX X X b A M, oA i N A A A R S A N N A R N N R A N i
T M P A N N N XN N AN N RN M NN N RN RN NN KN EN MMM A L L N N R N R N N N N R W
EXEXEXEXERXEREXEXELEXELEEXEEXEEEXEELEESEREEEREXESREXELEXERSEXESR N " SN N SN NN 1 F ol i E o A R A R R A R
.HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHﬂﬂﬂﬂﬂ!ﬂﬂﬂ#ﬂﬂﬂﬂﬂﬂﬂ!ﬂﬂﬂ l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l. i, _-.u.”v.HFHv.!r.Hv.HFu.”i.HFHv.!r.Hv.HFu.”i.HFHv.!r.Hv.HFu.”i.HFHv.!r.Hv.HFu.”i.HFHv.!r.Hv.HFu.”i.HFHv.Hr.Hv.HFu.”i.HFHv.Hr.Hv.HFu.”i.HFHv.Hr.Hv.HFEU.HFHH.HFHH.HFE?HJH..FHH.HPEUHHF o i Pu..v w

oo

i il
A

»
*
»
»
»
»
»

F

-
[

F

-
[

F

-
[

E o

»
»
»
»
»
»
»
»

|
A M A
M AL MM
W I I
i N
N I I
I I
i N
N W AL A
L N )
N M)
L )
LN )
N NN
L )
L
N NN

B
»
»
B
»
»
»

*
»
»
»
»
»
»

L3
5
5
5
5

»
5
RN N M)

4-:4
LR )

L)
o

X
|
)
|
x
|
o
)
E)

A
A
L
A

A
2
|

L
L
»

H
H
»
»
»
»

T T Ny

)

»
)
»
»
»
»

.
-
F
.
-
F
o,
-
F
.
-
F
o,
.
F
.
-
F
.
-
F
o,
.
E
|
E
]
»

»
X
»
x
X
X
»
X
X
»
X
X
»
X
X
»
X
»
»

o
X
»
X
X
»
X
»
»
X
X
»
X
X
»

"

ol
X

ol

v

2
»

L
EN N

5
5

-
»

s
e e i i i e i i e e i i i HHHHHH“-.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l..“
XX XXX XEXXXEXEXEXEX XXX XEXLE XXX XXX X HHHHH-.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.li
.HHHHHHHHHHunHHHHHHHHHHHHHHHHHunHHHHHunHxﬂxﬂxﬂxﬂxﬂxﬂxﬂxﬂﬂﬂxﬂxﬂx e e H“HHHHHHHHIN-. l.j.j.l.j.l.l.l.j.l.j.j. o & & & & j.l.j.j.l.l.l. o & & & & & II‘
) “HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ L HHHHHHHHHHI.-. l.l.l.l.l.l.l.l.l.l.l.l. o & & & & l.l.l.“l.”l. &+ l.l.l.l.l.l.l.l.l.l.l‘
_HHHHHHHHHHHHHHHHHHHHHHHHHHHHRHHHHHHHHHHHﬂﬂﬂﬂﬂﬂxﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂxﬂﬂﬂﬂ F H“H HHHHHFI l.j.l.l.l.l.l.l.l.l.l.j. atatatat l.l.l.l. L3 a l.l.l.l.l.l.l.l.l.l.li
. _HHH..ﬂHHHHHHHHHﬂﬂxﬂxﬂﬂxxﬂxﬂxﬂxﬂxﬂﬂﬂxﬂx F HHHHﬂxxﬂxﬂﬂﬂxﬂxﬂxﬂﬂﬂxﬂﬂﬂxﬂx N HHHHHH.I.-. l.l.j.l.l.l.l.l.l.l.j.l. Pl l.l.l.”l.”l. » l.j.l.l.l.l.l.l.l.l.‘ii
HHHHHHHHHHHHHHﬂﬂﬂﬂxﬂﬂﬂﬂﬂxﬂﬂﬂﬂﬂxﬂﬂﬂﬂﬂx 4 HHHHHHﬂﬂﬂﬂﬂﬂﬂﬂxﬂﬂﬂﬂﬂxﬂﬂﬂﬂﬂxﬂﬂ E HHH HHHHH!I_-. l.j.l.l.l.l.l.l.l.l.l.j.l.l. Tatatat, j.l.l. l.l.j. l.l.l.l.l.l.l.l.l.l.li
_nHHHH..ﬂHHHHHHHHHHHxﬂxﬂﬂﬂxﬂxﬂxﬂxﬂxﬂﬂﬂxﬂxﬂﬂ HHHHunHHHxﬂﬂﬂxﬂxﬂxﬂﬂﬂxﬂﬂﬂxﬂxﬂﬂﬂx ” H " HHH Hﬂxﬂﬂv l.j.j.l.j.j.l.j.l.l.l.j.l.l.j.l. & & j.l.j.l.l.”j. &+ l.l.j.l.j.j.l.j.j.i"‘
“HHHHHHHHHHHHHHHHHHHH M N E N E N E N ENE NN . A l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l. l.l.l.l.l.l
S s iy
% e
EHHHHHHHHHHHHHHHHHHHHHHHH Mo M AN NN N N K NN NN K F .-”l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l..“
s U ANttt 200122121 S 1100002 s
PE A A M M N N NN N N K N KN NN KN NN N KN MO M M NN M N NN N NN N KK N & & o & & & o & & & & & & & & o & & &
“HHHunHHH!HunHHHHHunHHH!HunHHHHHEﬂxﬂﬂﬂxﬂﬂﬂxﬂﬂﬂxﬂﬂﬂxﬂﬂﬂxﬂ .HHH!H H.HHHH.HH.HH.HH.HH.HHHH.Il.l.l.l.l.l.l.l.l.l.l.l.l.l.l. l.l.l.l. III‘

XL LT annanx_......a.q....a.q.q.a.q....a;...”
A e e e  a a  a a a  a a a a  a a a L) Ll e ) L)
e o ae e e e e e e e e e e e e e e ae e e e e e e e e e e e e e e e e e e e e e e e al L L L L
o i i i il i T N T T T T e
ae o oo oo oo oo e o e e o e o e e o e e e e e e e e adaad a a  a LA MMl
A A A A A e A XA AR A e )
x -
g g g g g g P R P Lt o adad al ot i adad pt oo ol ad at oo ol nd oo ad ot e Al M) .44 MLl
(o o e e e e e e g e A e A A P R M M LM
o A e e e e Al ) L) MLl
A A A A B A A A A A A A R R R "
B R W R N MM M MM MMM
X AL AL Al M AL A AL L LMt
A A A R R R ARk Rk AL AL Al )
Lol
LR PR R e e e e e e e e e e e

Y
-

FE A A A g T

. .HxHxHxHxHxHxHxHxHxHxHxHxHxHxHxHxHxHxHxHxHxHxHxHxHxHxHxHxHxHxHxHxHxHxHxnxuxnxnxuxnxnxuxnxnxww U..u.;n;u...u&n;u;u&n;u...u&... e Pnil 4.4H.4”...H.4H.4““.-_ :
o A R R e AR R R ot A A R R R e A e A R R R e o e P A M T e

R Rl e e R e o R R e oo e e P - Mt alalr) .
o, A, o, A A O . 8, A O Ll el e e a3 M LAl el e

I I I I T e e - R .

L aC 3l aE al alal al Ll L
Ll ke .4.__..4.4._...4.4..4......4 * ....4.4....4.4....4.4.__.4._._-___._.-_.__.

L0 LA
L aE L 3 3l a )
L
w20 B N
2wl aE aE e
w At st
e
L aEal 3 3 2l sl kol
Ll sl sl sl st al al
ol aEal aE ol ol
Ll aC L 3 2l 2t af al
Earar sl aEal sl el al
bl l 3kl ol af
L aEal 3 3 2l sl kol
Ll sl 3l sl sl al
L aE 3 3 20 BE M 3E a0 M 2l
L Ll al 3L 3 aC 3 a2l 3l )
R e R e

Ll Sl 3 aE s )

Ll 0 3 3 2E B0 aE Ul 2l a3
Ll sl sl sl
N

.qv”xHr.HxHr.HxHr.HxHr.HxHr.HxHr.HxHr.HxHr.HxHr.HxHnnxnr.ﬂxnx”xﬂn”x”xﬂx”x”xx .HxH!HHHEHHHEH:H&HHHEHHH!HHH
A e e e e e A A A A ) A A
B A I e )
A A A A A A A A A A A A A A A AN A A A A A A A A A AL A A A A AN
2 o e o e oo e a e o e e e e e o oo o aea ea ae ad ae aae aa o ae  a !
o A i !
A A
A A A A A A A AN AN A A A A AL A A AL AL A A AL A A A A A A A A A A AL A AL AL A AL
Ao e e e e e e o e e e e e e e a o
A e A A A A A A A
A A e e e o e a a ae ae a aa ea  a aead aeaaead a aae aa a a  a
A A A o A A Al A A i
A A A A A ol A O A e e
A A A A A A A A A AN A A A A A A A AL A A A AL A AN A A A AN A A A AL AL A A A AL
A A A i
A A
A A A e A A e A A A A A A A A A A A A e a e a
A A A A A e A Al A A i
A A A A i e i
A A o A A
A A A A i ol e A e e
A A o o A o Al
A A e e e e e e e e e
A A A U A A A A A
.uHr.nxHr.Hxnr.xxHr.nxxr.Hxnr.HxHrnxxrHxnrxxnrnxHrHxnrxxHrnxxrnxnrxxnrnxxrnxnrxx X R W X M

FY

P,
)
F
e

)
2
2

»
. M R M N M W M N M) r w  w oW  w oW o u s -
.Finiv.:.v.l!v g v“u_i. Ly !u_v.Ii“”v.Iv“li.lv.Iv“”i.lv“lv.li.lv“”v.lv“”v.Iv.li.lv.Iv“”i.lv“Iv.li.lv“”v.li“lv.Iv.li“”v.lv“”i.lv.Iv.lv.l!”v.l!lv.lv.l!”v.l! j

Y
H
FY

o)
)

)
E )
Ll alal
Ll )
LAl

)
)

FY

e

)

i

>

)

At 1117110100l :
A A A A M A A A A M A A A N A M A A A N A M A A A NN M A N A N A M A A NN N A o o & & o & & & & & & & & & &
MO KA M M N K M M NN, L L MM A M M N AN NN A Aok 4 & & & & & & & & & & & & . . . . . . . a . . . . .
E .Fv_.r.unr”u_.r. k. F k. r. F g F k. r. E I.EH. - k F L Fﬂr” .PHI” F g iy F k l.l.l.l.l.l.l.l.l.l.l.l. l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.

”._..H.4H.4”._..H.4H.4H.4H.4H.4”._..H.q”.q”...“.q”.q”...u.q”.q”...“n”.q.._

L C E aC L 3 aE C 3 3 aE 0 2 E al 0k 2 al 2l 3
L e sl el
; _-_-_!.4.4....4.4....4.4....4.4....4.4-__._.-_
Ll

Pl




US 11,199,728 B2

Sheet 14 of 14

900

Dec. 14, 2021

U.S. Patent

L N S A
. H.__.HHHIHHHH x, HHHHI o
L EREXKEXREXRKELTLXIHK
..HHHHH Hl
H

n“n “a
x

.‘ .
x,

x

Hﬂﬂlﬂﬂﬂlﬂﬂﬂl x_x HH X IHH
.Hlﬂl.]ﬂ.—...r..r..—..].lﬂﬂlﬂ
LT . . . g
Ll | -
L
- .

Ml
|
= MM
Al
A

> -

Lo |
_a_ M

1
|

dp dr dr e e dr e e i e
e e e
ay iy b ar
i

i i
S
i iy

i

...”...H...H...”...H...H...”...H...”...”...H...H...”...H... ;
i dr dr e e dp e ey i e

L) L) )

...”...H&H&H#H&H#H&H#H&H&H&H#H&H ...H...”...H... ....._....H... i ...H...H...”...H....._..........H... ' .......H...”...”.._.H...H...”....H...”...”.._.H...”...”...H...”...”.._.H...”...”....H...H.._.”.._.H...”...”.._.H...H...”....H...”...”.._.H...”...”....H...”...”.._.H...”...”...H...”...”...H...”...”...H...”...”...H......
dr e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ey e e e e e e e e e e e e e e e e b

.q.q
...”._,.H&H&H&H&H#H&H&H&H&H&H#”& ”... .qH.qH.q”.qH.q”....q.qH*”#”&H*H#”&H*”#*&H*”&”&H i .qH.q”...”.qH.qH...”.qH.q”...”.qH.q”...”._,.H.q”...”.qH.q”...”.qH.qH.q”.qH.q”...”.qH.q”...”.qH.q”...”.qH.q”...”.qH.q”...”.qH.q”#”&H*”#”&H*”..”&H&”#”&Hf
dp iy dp ey e ey e e e e ey sy dp e ey g e ey e e de e ey dp e el e e e ey e ey e e e ey e e e e e ey e e e e e e de eyl e e e e e e

L I I e I I e e e o I I e e e e e e e o L L I o ol nd

iy b

. .|-. b .|-. o .|-. » .|l. b .|-. o .|-. » .|l.

L RRERERERERRERREREFERRERERERRERRRRERRERE aaaanaaaaa"' “.."a"__.".."a"__.".."a"__.".."a"__.".."a"..".."a"__.".."a"__.".."a"__.".."a"__.".."a"__.".."a"__.".."a"a"a"a"a"a"a"a"a"a"a"a"a a"a"a"a"a"a"- “.."a"__.".."a"__.".."a"__.".."a"__.".."a"__.".."a"__.".."a"__.".."a"__.".."a"__.".."a"__.".."a"__.".."a"__.".."a"__.".."a"__.".."a"__.".."a"__.".."a"__.".."a"__.".."a"__.".."a"__.".."a"__.".."a"__.".."a"__.".."a"__.".."a"__.".."a"__.".."a"__.".."a"__."a"a"a"a"a"a"a"a"a"a"a"a"
It ERRRERRERRERERREREERRERRERRRERERRERRRRERERRER| RERRERRRERERRERRERRRERERRERERRERERERRREERRERRERRERERRERERRERERERRRERERRRE | R RRERERRERERRERRERRERRREERRERRERRERERRERERRERERERRREERRERRERRRERERRERERRERERERRREERRERRERRERERRERRERERERRREERRERRERRERRERRERRERRER
‘ERERRERRERERRERR - ERRERRRRERERRERRERERRERRREERRERRRRERERRERERRERERRERRREERRERRRRERRERRERRERERERRREERRERRRRERERRERRERERERRREERRERRRRERRERRERRERERRERRREERRERRRRERRERERRERERRERRERERRERRRRERERRERRERERERRREERRERRRERERERRRERRERRRERER KRR
[IERRERREREERRERREREREREEREEEREERRERRERERRERRERRE ;, EREREERREERREEREEEREERREREREREEREEER EERREEEEREEREREREREEER EERRRE RERKEKREREREEREREERKEERREEEREREEEREEEREEEREERREEREREEEREEEE KRR EREERREEEEREEEREEEEREERRERRERRERERERRRER KRR
"EREERERRERERRERR - ERRERRRRERERRERRERERRERRREERRERRERRERERRERERRERERRERRREERRRERRRERERRERRERERRERERERREER RERRERRERERNERERERERREERRERRRRERERERRERERERRREER RERRRRERERRERRERERER REER RERRRERERRERRERERERRREERRERRRERERERRERERER RRERERRE
tERRERRERERRERRREERRRERRRRERERRRERRERRERRERRRER RERRRRERERERRERERERRERRERRRERERRRERRERRERERRERRERERERERRREERRRERRERRERERRR R ERERRRERERRERRERRERRERRRERRERRERRERRREERRRERRERRERERRRERERERERRREERRRERRERRRERRRERERRERERRREERRRERRERRRERRRERERRERER RRERRRR
T ERERERERRERERRERR (ERRKRRERKRRERERREREERRERREREREEREREER RERREREEREREEREREEREERE R EEREERRERERRERERERREREREEREREER EERRERERERARRERERERREER RERRERERERERREREREREREEREERREREEREREERREREEREEREEREERRERRERREREREERREREREEEREERRERRRERERERRERERRERRRERER KK
IERRERRERERRERRERNRERERRRERRRERRRRERERRERERERRERERERRREERRERRRERRERERRERRERERERRREERRERRRRERERRERRERERERRREERRERR R LERERRERRERERRERRREERRERRRERERERRERERERERRREERRERRRERRERERERREREEREERRERERRERRRERERERRREEREERRERERRERRRERERRERERRREER KRR
"ERERRERRERERRERR :ERRERERRRRERERRERRERRERRERRRERERRERRRRERERRERERRERERRERRREERRERRRERERERRERRERERERRREERRERRRRERRERF RERERRERRREERRERRRRERERRERRERERERRREERRERRRRERERRERRERERERREERRERRRERERERRERERERRREERRERRRERERERRRERER RRERERRRE
ITEREREREREERREARRERRERRERERREREREEREREREEE R ERREERRERERREEREREREEEREERERERRE R REREREREREEREERERERRERERE RERE R ECREREEREERERERRE R RERRERREREREEEREERERERERRERERREEREREREEEREEREERERRE R RERREEREREREEREEREERERERRRERRRERERERERREER KRR
" ERERERRERERRERRI{ERRRERRRRERERRERRERRERRERRRERERRERRERRRERERRERRERERRERREERRERRRERRERRERRERRERERRERRREERRERRRRERRERF ERRERRERRREERRERRRRERERRERRERERERRREER RERRRRERERRERRERERERRREER RERRRERERERRERERERRREERRERRRERERERRERERER RRERER KR

1,

4
S R
EREREFREREEEREEREEEREREENRERERERENR -

]
P R
EREEREREREREEREEEREREREREEERNEEEREREREEREECEREEEREREECEREREE R EEREEEE R EEEEEEREEEEEE R R EEEEEEEEEEEEEEREEEEEE R EREEEEE EE EEEEEREEE R EE R EREEEEEE EE EEEEEEEEEE F EEREEEEREEEEREEEREREEEREREEREEENREEEEEEEEREEERERERERERE] EREREEREEEEEEREEEREREREEREERRER N EREREREREEREEERERERERERETR./H

x
d R R E R R R N R RN R RERE -
I"I"l"I"I"I"I"I"I"I"I"l"I"I"I"I"I"I"I"I"l"I"I"I"I"I"l"I"I"I"I"I"I"I"I"l"I"I"I"I"I"l"I"I"I"I"I"I"I"I"l"I"I"I"I"I"I"I"I"ﬂ"ﬂ"l"ﬂ“n"ll o L Iw_.I"I"I"I"I"I"l"I"I"I"I"I"I"I"I"ﬂ"l"ﬂ"ﬂﬂ1
L e e e e e e e e e e e e e e e e e e e e e e e e e e e e e i e e e e e e e e e e e e e e e e e e L .

o,

anbedo SAISSTUISURT) anbedo



US 11,199,728 B2

1

ELECTRICALLY CONDUCTIVE
LAMINATED LENS FOR EYEWEAR AND
FRAME ASSEMBLY THEREFOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims the benefit of U.S. Provi-

sional Patent Application 62/621,779, filed Jan. 25, 2018,
which 1s incorporated by reference herein in its entirety.

BACKGROUND
Field

Embodiments of the present invention generally relate to
eyewear having electrically conductive lenses and electrical
connections structured to maximize the wearer’s field of
VIEW.

Background

Laminated lenses having electrically conductive layers,
such as electrochromic and/or heating functional layers,
require electrodes and electrical connections (wiring) to an
external power supply. Keeping the electrical components
out of the user’s field of view (e.g., at the periphery of the
eyewear) can be challenging, and existing lenses surrender
a significant percentage of the field of view to these com-
ponents. However, maximizing a field of view may be
critical for the user—such as, for example, when participat-
ing 1n sporting events or driving, where the limited field of
view caused by such electrical components may result in
performance deficiencies or safety hazards.

SUMMARY

Embodiments disclosed herein are directed to eyewear
(c.g., goggles, eye glasses, sun glasses, helmet shields,
helmet visors, etc.) that incorporates one or more laminated
lenses having electrochromic and/or heating functional lay-
ers while maximizing a wearer’s field of view. Improved
field of view can be accomplished by reducing the bezel size
of the laminated lens. For example, the bezel’s non-trans-
parent footprint may be reduced while maintaining the
functionality of the laminated lens.

In an example embodiment using a goggle form factor, the
laminated lens can be fitted 1nto a frame that includes outer
and 1nner sub-frames. An adhesive, such as epoxy glue, 1s
applied at the perimeter of the mner sub-frame before the
laminated lens 1s inserted in place, and the outer sub-frame
1s snapped onto the inner sub-iframe and lens. As a result, the
sub-frame can encapsulate the edge of the laminated lens as
well as protect the necessary electronic components of the
functional layers of the laminated lens. The combination of
mechanical and chemical bonding provides additional
robustness to the sub-frame. According to some embodi-
ments, the lens frame can include components that allow a
wearer to control the electrically-powered functional layers
of the laminated lens. By way of example and not limitation,
such components can include a control logic unit, a control
circuit unit, one or more sensors, and a user interface
clement that can be used by the wearer to activate or
deactivate the electrically-powered components (functional
layers) of the laminate lens.

In some examples, the laminated lens can include two lens
clements bonded together with an adhesive electrolyte layer.
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In some embodiments, the two lens elements can include
one or more similar, or different, functional layers.

A first lens element of an electrochromic laminated lens
can include at least (1) a polymer layer configured to provide
structural support to the first lens element (e.g., stiffen the
first lens element), (11) an electrically conductive layer over
the polymer layer configured to conduct electric current, and
(111) an electrochromic layer over the electrically conductive
layer configured to provide electrochromic functionality to
the laminated lens. The electrically conductive layer can
provide a heating functionality to the laminated lens. In an
embodiment where electrochromic functionality 1s not
desired, the electrochromic layer 1s not present in the first
lens element.

In some examples, the polymer layer can include poly-
cthylene terephthalate (PET) or polycarbonate, and the con-
ductive layer can be a transparent conductor such as imndium-
tin-oxide (ITO), fluorine doped tin oxide (FTO), indium
gallium zinc oxide (IGZ0O), or doped zinc oxide. The elec-
trochromic layer can include a dichroic dye guest-host layer
configured to provide variable light attenuation when volt-
age 1s applied to the electrochromic layers via the busbar
from an external power supply. Further, the busbar can
include a conductive busbar made of silver, copper, gold,
aluminum, or a highly conductive metal or alloy.

A second lens element of the laminated lens can include
at least an anti-fog layer over a first surface of a polymer
layer. The anti-fog layer 1s configured to resist accumulation
of condensate, and the polymer layer i1s configured to
provide structural support to the second lens element (e.g.,
stifflen the second lens element). The anti-fog layer can be
made of cellulose acetate propionate (CAP) and may or may
not be transparent to ultraviolet (UV) radiation. An electri-
cally conductive layer 1s disposed on a second surface of the
polymer layer, where the second surface 1s opposite to the
first surface. The electrically conductive layer 1s configured
to conduct electric current and may provide a heating
functionality to the laminated lens. The second lens element
further 1includes an electrochromic layer disposed over the
conductive layer. The electrochromic layer 1s configured to
provide electrochromic functionality to the laminated lens.
In an embodiment where electrochromic functionality 1s not
desired, the electrochromic layer 1s not present in the second
lens element. In some embodiments, the anti-fog layer is
located on a surface of the polymer layer opposite the
clectrically conductive layer on the first lens element instead
ol the second lens element.

In some embodiments, an adhesive electrolyte layer can
be used to bond the first and the second lens components
together, so that the electrochromic layers of the first and the
second lens elements (or the electrically conductive ele-
ments, 11 electrochromic layers are not present) are facing
cach other. By way of example and not limitation, the
adhesive electrolyte layer can be an adhesion layer made of
an electrolyte that hardens (e.g., cures) when exposed to UV
radiation.

In some embodiments, a busbar 1s disposed on each of the
first and second lens elements, between a portion of the
clectrically conductive layer and a portion of the electro-
chromic layer (or between a portion of the electrically
conductive layer and the adhesive electrolyte layer 11 the
clectrochromic layers are not present). The busbar can
provide electrical connections to the electrically conductive
layer and the electrochromic layer, 1f present. An busbar can
be, for example, a conductive busbar made of silver, copper,
gold, aluminum, or a highly conductive metal or alloy.
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In some embodiments, the first lens element of the lami-
nated lens also includes functional layers disposed over

portions of the electrochromic layer of the first lens element,
such that when the first and second lens elements are bonded
together, the functional layer 1s substantially aligned with
respect to the busbars. The functional layers can include, for
example, components needed for electrochromic and/or
heating functionality. In some embodiments, the functional
layers and the busbars are opaque; therefore, their respective
surface areas and relative position to each other determine
the size of the bezel. By stacking the functional layers and
the busbars at the peripheral edge of the lens elements, the
bezel size can be minimized, and the wearer’s field of view
can be maximized as compared to existing lenses.

If the laminated lens 1s to be used 1n a rimless configu-
ration, an edge seal can be added to secure and protect the
laminated lens layers from the environment. If the laminated
lens 1s to be placed 1n an orbital frame, then such an edge
seal can be left off, further increasing the field of view of the
wearer. In some embodiments, the width of the busbars and
functional layers are such that they are completely covered
by a frame edge when the laminated lens 1s inserted into a
frame. The frame edge mechanically supports the laminated
lens, and 1tself protects the lens layers from the environment.
Further, an adhesive can be used to seal the peripheral edge
of the laminated lens to the frame. Such an adhesive also acts
to seal the layers of the laminated lens, further protecting the
lens from the environment without requiring the use of a
separate edge seal specific to the lens 1itself.

In some embodiments, such a frame assembly for secur-
ing an electrically conductive lens includes an inner sub-
frame housing, an outer sub-frame housing that mates to the
inner sub-frame housing, and the electrically conductive
lens, wherein a peripheral edge of the lens 1s positioned
between the mner and outer sub-frame housings. In some
embodiments, the mner sub-frame housing has a protrusion
positioned above a first groove, wherein each of the protru-
sion and the first groove are formed on a peripheral edge of
the inner sub-frame housing. In some embodiments, the
outer sub-frame housing has a second groove on a peripheral
edge of the outer sub-frame housing having a shape that 1s
complementary to the mner sub-frame housing protrusion.
In this way, the outer sub-frame housing i1s configured to
tasten onto the inner sub-frame housing, with the protrusion
of the inner sub-frame housing fitting 1nto the second groove
on the outer sub-frame housing. A space 1s formed between
the surface of the outer sub-frame housing and the first
groove of the inner sub-frame housing. In some embodi-
ments, the peripheral edge of the electrically conductive lens
fits within this space. In some embodiments, a bonding
agent, such as epoxy glue, 1s disposed into this space such
that 1t surrounds the peripheral edge of the lens and bonds
the lens to the frame.

In some embodiments using a solid frame, a bonding
agent applied between the peripheral edge of the electrically
conductive lens and the inner surface of the frame seals the
layers of the laminated lens, and adheres the lens within the
frame.

Further embodiments, features, and advantages of the
invention, as well as the structure and operation of the
various embodiments of the invention, are described 1n
detail below with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention are described with
reference to the accompanying drawings. In the drawings,
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like reference numbers indicate identical or functionally
similar elements. Additionally, the left most digit(s) of a

reference number 1dentifies the drawing 1n which the refer-
ence number first appears.

It 1s noted that various features may not be drawn to scale.
In fact, the dimensions of the various features can be
arbitrarily increased or reduced for clarity of illustration and
discussion.

FIG. 1 1s a front view of an exemplary laminated lens with
clectrochromic and/or heating functional layers, according
to some embodiments.

FIGS. 2 and 3 are cross-sectional views of an exemplary
laminated lens with electrochromic and heating functional
layers and reduced bezel size, according to some embodi-
ments.

FIG. 4 1s an 1sometric view of a frame assembly, accord-
ing to some embodiments.

FIGS. 4A, 4C are 1sometric views of a modular sub-frame
assembly on a frame chassis, according to some embodi-
ments.

FIG. 4B 1s a top-view of a modular sub-frame assembly
on a frame chassis, according to some embodiments.

FIGS. 4D and 4E are respective 1sometric and top views
of a dual lens assembly, according to some embodiments.

FIG. 5 1s an inner sub-frame housing of an exemplary
frame assembly, according to some embodiments.

FIG. 6 1s an inner sub-frame housing of an exemplary
frame assembly with a laminated lens fitted therein, accord-
ing to some embodiments.

FIG. 7 1s an 1sometric view of a laminated lens mechani-
cally attached to an exemplary frame assembly, according to
some embodiments.

FIG. 8 1s an 1sometric view of a laminated lens chemically
bonded and mechanically attached to an exemplary frame
assembly, according to some embodiments.

FIG. 9 1s a cross-sectional view ol an existing laminated
lens having a limited field of view.

DETAILED DESCRIPTION

Embodiments of the mmvention will be described more
tully hereinafter with reference to the accompanying draw-
ings, 1n which embodiments of the invention are shown. This
invention may, however, be embodied in many difierent
forms and should not be construed as limited to the embodi-
ments set forth herein; rather, these embodiments are pro-
vided so that this disclosure will be thorough and complete,
and will fully convey the scope of the mvention to those
skilled 1n the art.

In the following description, numerous specific details are
set forth. However, it 1s to be understood that embodiments
of the invention may be practiced without these specific
details. In other instances, well-known methods, structures
and techniques have been shown in detail 1n order not to
obscure an understanding of this description.

Currently, the various layers in an electrically-conductive
lens are typically secured and sealed using one or more edge
seals. FIG. 9 illustrates an example of such a typical lens.
The lens 900 of FIG. 9 contains two electrically conductive
layers 902 and two electrochromic layers 903. Electrically
conductive layers 902 receive electric current through one or
more busbars 904, which act as electrical connection points
between each conductive layer 902 and an external power
supply (not shown). Functional layers 906 are placed adja-
cent one ol the electrochromic layers 903, next to an
clectrolyte 910. The lens layers are secured and sealed from
the environment by edge seals 912.




US 11,199,728 B2

S

In FIG. 9, because each of the edge seals 912, busbars
904, and functional layers 906 are often opaque, a wearer’s
field of view (the light transmissive portion of the lens) 1s
limited to the space between functional layers 906. Such a
limited field of view 1s unsatisfactory to wearers, particu-
larly those participating in sporting events where a wide
field of view 1s needed for performance and/or safety.

FIG. 1 1s a front view of an example laminated lens 100
having a reduced bezel size, according to some embodi-
ments of the present invention. The busbar and functional
layers in lens 100 have been rearranged with respect to lens
900 of FIG. 9. The inventors additionally recognized that, 1n
embodiments, an edge seal, such as edge seal 912 1n FI1G. 9,
can be eliminated when an adhesive 1s used to seal a lens
within an orbital frame. The frame and 1ts corresponding
seal render any additional lens-based edge seal redundant.
By stacking the busbar and functional layers, and moving
the busbar and functional layers to the periphery of the lens
that would otherwise have been occupied by an edge seal,
the lens’ field of view can be maximized.

In an embodiment, and as will be described further with
respect to FIG. 2, laminated lens 100 1s formed from two
individual lens elements bonded together via an adhesive
clectrolyte layer. Each of the lens elements can include one
or more electrically-powered components, such as, for
example, electrochromic layers and/or heating layers. Fur-
ther, each of the lens elements—as described 1n detail more
below—can include additional layers, such as one or more
anti-fog layers, optical filters, antireflective coatings (ARC),
and the like. Mechanical support for each lens element of
laminated lens 100 1s provided through a polymer layer that
functions as a substrate on which the alorementioned layers
can be formed.

By way of example and not limitation, laminated lens 100
can be fitted 1nto a variety of eyewear frames including, but
not limited to, general-purpose eyewear, special-purpose
cyewear, sunglasses, driving glasses, sporting glasses,
goggles, helmets, visors, shields, indoor eyewear, outdoor
eyewear, vision-correcting eyewear, contrast-enhancing
cyewear, eyewear designed for another purpose, or eyewear
designed for a combination of purposes.

Laminated lens 100 can be a corrective lens or a non-
corrective lens. Laminated lens 100 can be made of any of
a variety of optical materials including glass and/or plastics,
such as, for example, acrylics or polycarbonates, as
described in more detail below. Laminated lens 100 can have
various shapes. For example, laminated lens 100 can be flat
or have one or more axes of curvature. Further, a surface of
laminated lens 100 can be cylindrical, parabolic, spherical,
flat, or elliptical, or any other shape such as a meniscus or
catenoid. When worn, laminated lens 100 can extend across
the wearer’s normal straight ahead line of sight, and can
extend substantially across the wearer’s peripheral zones of
vision. As used herein, the wearer’s normal line of sight shall
refer to a line projecting straight ahead of the wearer’s eve,
with substantially no angular deviation 1n either the vertical
or horizontal planes. In some embodiments, laminated lens
100 extends across a portion of the wearer’s normal straight
ahead line of sight.

In an embodiment, the outside surface of laminated lens
100 can conform to a shape having a smooth, continuous
surface having a constant horizontal radius (sphere or cyl-
inder) or progressive curve (ellipse, toroid or ovoid), or
other aspheric shape in either the horizontal or vertical
planes. The geometric shape of some other embodiments can
be generally cylindrical, having curvature 1n one axis and no
curvature 1n a second axis. Laminated lens 100 can, in
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embodiments, have a curvature 1n one or more dimensions.
For example, laminated lens 100 can be curved along a
horizontal axis. As another example, laminated lens 100 can
be characterized 1n a horizontal plane by a generally arcuate
shape, extending from a medial edge throughout at least a
portion of the wearer’s range of vision to a lateral edge. In
some embodiments, laminated lens 100 1s substantially
linear (not curved) along a vertical axis. In some embodi-
ments, laminated lens 100 has a first radius of curvature 1n
one region, a second radius of curvature 1n a second region,
and transition sites disposed on either side of the first and
second regions. The transition sites can be a coincidence
point along laminated lens 100 where the radius of curvature
of laminated lens 100 transitions from the first to the second
radius of curvature, and vice versa. In some embodiments,
laminated lens 100 can have a third radius of curvature 1n a
parallel direction, a perpendicular direction, or some other
direction. In some embodiments, laminated lens 100 can lie
on a common circle. The right and left lenses in a high-wrap
eyeglass can be canted such that the medial edge of each lens
will fall outside of the common circle and the lateral edges
will fall inside of the common circle. In some embodiments,
providing curvature 1n laminated lens 100 can result in
vartous advantageous optical qualities for the wearer,
including reducing the prismatic shift of light rays passing
through laminated lens 100, and providing an optical cor-
rection.

A variety of lens configurations in both horizontal and
vertical planes are possible. For example, either the outer or
the nner or both surfaces of laminated lens 100 of some
embodiments can generally conform to a spherical shape or
to a right circular cylinder. Alternatively, either the outer or
the inner or both surfaces of the lens may conform to a
frusta-conical shape, a toroid, an elliptic cylinder, an ellip-
soid, an ellipsoid of revolution, other aspheres or any of a
number of other three dimensional shapes. Regardless of the
particular vertical or horizontal curvature of one surface,
however, the other surface may be chosen such as to
minimize one or more of power, prism, and astigmatism of
the lens 1n the mounted and as-worn orientation.

In some embodiments, the eyewear incorporates canted
laminated lens 100 mounted in a position rotated laterally
relative to conventional centrally oriented dual lens mount-
ings. A canted lens may be conceived as having an orien-
tation, relative to the wearer’s head, which would be
achieved by starting with conventional dual lens eyewear
having centrally oriented lenses and bending the frame
inwardly at the temples to wrap around the side of the head.
When the eyewear 1s worn, a lateral edge of laminated lens
100 wraps significantly around and comes 1n close proximity
to the wearer’s temple to provide significant lateral eye
coverage and improved field of view.

A degree of wrap may be desirable for aesthetic styling
reasons, for lateral protection of the eyes from flying debris,
or for interception of peripheral light. Wrap may be attained
by utilizing lenses of tight horizontal curvature (high base),
such as cylindrical or spherical lenses, and/or by mounting
cach lens 1n a position which 1s canted laterally and rear-
wardly relative to centrally oriented dual lenses. Similarly, a
high degree of rake or vertical tilting may be desirable for
aesthetic reasons and for intercepting light, wind, dust or
other debris from below the wearer’s eyes. The term “rake”
describes the condition of a lens, in the as-worn orientation,
for which the normal line of sight intercepts a vertical
tangent to the lens at a non-perpendicular angle.

In some embodiments, laminated lens 100 can be finished,
as opposed to semi-finished, with laminated lens 100 being
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contoured to modily the focal power. In some embodiments,
laminated lens 100 can be semi-finished so that laminated
lens 100 can be capable of being machined, at some time
following manufacture, to modity their focal power. In some
embodiments, laminated lens 100 can have optical power
and can be prescription lenses configured to correct for
near-sighted or far-sighted vision. Laminated lens 100 can
have cylindrical characteristics to correct for astigmatism.

Laminated lens 100 can be shaped for insertion into a
particular eyewear frame. Various materials can be utilized
in the fabrication of the eyewear frame including metals,
composites, or molded thermoplastic materials. The frame
of the eyewear can be fabricated according to various
configurations and designs. In some embodiments, the frame
can be configured to retain a unitary lens that 1s placed 1n
front of both eyes when the eyewear 1s worn.

In the example of FIG. 1, laminated lens 100 1s designed
for a goggle frame. As shown 1n FIG. 1, laminated lens 100
1s positioned relative to the wearer when worn so that side
A 1s proximal to the wearer’s face, and side B—which 1s
opposite to side A—is distal to the wearer’s face.

In some embodiments, laminated lens 100 1s fitted to a
type ol eyewear that includes a power source (e.g., a
battery), one or more electrical contacts, and one or more
conductive elements (e.g., wires) that can provide power to
one or more electrically-powered components of laminated
lens 100. In some embodiments, the eyewear can include a
control logic unit that 1s coupled to a sensor and can
automatic adjust the power delivery to the one or more
clectrically-powered components of laminated lens 100. By
way ol example and not limitation, the sensor can be a
temperature sensor, a humidity sensor, a light sensor, and/or
other types of sensors that are capable of detecting a change
of a respective metric 1n the surrounding ambient and
provide a signal through a control circuit to the logic unait.
The eyewear may also 1nclude a user interface element that
1s 1ntegrated to the frame of the eyewear and/or laminated
lens 100. By way of example and not limitation, the user
interface element may allow the user to activate and deac-
tivate the electrically-powered components of laminate lens
100. The user interface element can be, for example, a
switch, a button, a toggle switch, a touch-intertace element,
a knob, or another mechanical and/or electrical feature.

For example purposes, laminated lens 100 will be
described in the context of a lens fitted to a goggle frame.
Based on the disclosure herein, other types of eyewear, as
discussed above, can be used. These types of eyewear are
within the spirit and scope of this disclosure.

FIG. 2 1s a cross-sectional view of laminated lens 100
across line C-D, shown in FIG. 1. As discussed above,
laminated lens 100 can be made of a first lens element 200
and a second lens element 210. As shown 1n FIG. 2, second
lens element 210 1s located on side B of laminated lens 100,
and therefore closer to the wearer when laminated lens 100
1s worn. First lens element 200 1s located on side A of
laminated lens 200 and further away from the wearer when
laminated lens 100 1s worn. Lens elements 200 and 210 are
bonded together via adhesion layer 220. In some embodi-
ments, adhesion layer 220 can be made of an electrolyte that
hardens (e.g., cures) when exposed to UV radiation. First
and second elements 200 and 210 can include similar layers
as described in more detail below.

Referring to FIG. 2, first lens element 200 includes a
polymer layer 230.1. According to some embodiments,
polymer layer 230.1 functions as a substrate on which
subsequent functional layers of first lens element 200 can be
tormed. Further, polymer layer 230.1 forms side A of
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laminated lens 100. By way of example and not limitation,
polymer layer 230.1 can be made of polycarbonate (PC),
nylon, polyurethane, polyethylene, polyethylene terephtha-
late (PET), polyimide, acrylic, MYLAR®, clear glass,
doped glass, or filtered glass. Additionally, polymer layer
230.1 can have different shapes and sizes depending on the
application and size/shape of the frame. For example, poly-
mer layer 230.1 can have a convex shape. The size and the
shape of polymer layer 230.1 may define the shape of first
lens element 200. The inner and/or outer surfaces of the
polymer layer 230.1 can be tinted. In some embodiments,
the mner and/or outer surfaces of the polymer layer 230.1
can be clear. In various embodiments, the outer surface of
the polymer layer 230.1 can be configured to receive ambi-
ent 1incident light.

An electrically conductive layer 240.1 (thereafter conduc-
tive layer 240.1) can be formed on polymer layer 230.1,
according to some embodiments. In an embodiment, con-
ductive layer 240.1 1s transparent (e.g., have high transmit-
tance) to visible and UV light. For this reason, conductive
layer 240.1 can be formed from a transparent and electrically
conductive material, such as indium tin oxide (ITO), fluorine
doped tin oxide (FTO), doped zinc oxide, or indium gallium
zinc oxide (IGZ0). In some embodiments, conductive layer
240.1 can operate as a resistive heating element to heat side
A of laminate lens 100. Heating, for example, can prevent
accumulation of condensates on laminate lens 100. Conduc-
tive layer 240.1 can receive electric current through busbar
250.1 which acts as an electrical connection point between
conductive layer 240.1 and an external power supply (not
shown). In some embodiments, busbar 250.1 extends to
wiring that 1s connected to an external power supply, such as
a rechargeable or replaceable battery. By way of example
and not limitation, the battery (not shown) can be disposed
in the frame of the eyewear.

Since busbar 250.1 1s opaque to visible or UV light, its
s1ze and position across first lens element 200 can aflect the
transparent area of the lens and subsequently the user’s field
of view. Therefore, the placement and size of busbar 250.1
can determine the frame’s bezel size. According to some
embodiments, and as shown 1n FIG. 2, busbar 250.1 can be
formed over a portion of conductive layer 240.1 at or near
the bottom edge of laminated lens 100 so that the bezel size
can be controlled. Busbar 250.1 can be made from silver,
copper, gold, aluminum, or another highly conductive metal
or alloy at a thickness between, for example and without
limitation, about 15 um and about 30 um. Further, conduc-
tive layer 240.1 can be formed at a thickness from about 10
um to about 100 um.

Referring to FIG. 2, an electrochromic (EC) layer 260.1
can be formed over busbar 250.1 and conductive layer
240.1. Electrochromic layer 260.1 has the ability to change
its optical properties (e.g., optical transmission, absorption,
reflectance, and/or emittance) 1n a continual but reversible
manner under the application of a voltage from an external
power supply. Busbar 250.1 can be electrically coupled to
clectrochromic layer 260.1. Further, an external power sup-
ply (not shown 1n FIG. 2) can be attached to the eyewear and
be electrically coupled to busbar 250.1. A user interface
clement configured to change an amount of power provided
to busbar 250.1 (e.g., by the power supply) can be disposed
on the eyewear. Consequently, electrochromic layer 260.1
can provide variable light attenuation depending on the
amount of power provided by the power supply. By way of
example and not limitation, the user interface element can be
a touch-sensitive element, located on the frame of the
cyewear where laminated lens 100 1s attached. According to
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some embodiments, electrochromic layer 260.1 can include
any electrochromic material as known to one of skill 1n the
art, such as an electrochromic dye, a dichroic dye guest-host
layer, eftc.

Second lens element 210 can include similar layers with
first lens element 200. For example, and referring to FIG. 2,
second lens element 210 can include polymer layer 230.2,
conductive layer 240.2, busbar 250.2, and electrochromic
layer 260.2 in a similar or different arrangement to their
counterpart layers in first lens element 200. Further the
layers of second lens element 210 may function and perform
similarly and/or complementary to the layers of first lens
clement 200.

According to some embodiments, two functional layers
270 can be formed over portions of electrochromic layer
260.1 1n first lens element 200 as shown 1n FIG. 2. Func-
tional layers 270 may be transparent or opaque. If opaque,
use ol functional layers 270 1n a lateral (i.e., side-by-side)
configuration increases the opaque area of laminated lens
100 and reduces the available field of view. According to
embodiments of the invention, however, functional layers
270 can be positioned at or near the top and bottom edges of
laminated lens 100, as shown 1n FIG. 2. Because functional
layers 270 are stacked in line with busbars 250.1 and 250.2,
tfunctional layers 270 do not impact the user’s field of view,
increasing the field of view as compared to current lenses.

In addition to the aforementioned layers, second lens
clement 210 can also include a transparent (e.g., to visible
light) anti-fog layer 280 formed on polymer layer 230.2, and
opposite to electrically conductive layer 240.2. In an
embodiment, anti-fog layer 280 1s configured to resist accu-
mulation of a condensate; such as for example, evaporated
sweat from the face of the user. In some embodiments, the
anti-fog layer can be made of cellulose acetate propionate
(CAP) at a thickness of about 500 um and may or may not
be transparent to ultraviolet (UV) radiation. Anti-fog layer
280 may be particularly useful, for example, 1n goggle lens
embodiments or other embodiments where air does not
freely tlow between the wearer and the lens.

In some embodiments, anti-fog layer 280 can be disposed
in first lens element 200 1nstead of second lens element 210.
Further, first and second lens elements 200 and 210 can
include additional layers not shown 1n FIG. 2. Such layers
include but are not limited to any combination of chroma
enhancement layers, color filters, anti-reflective coatings,
hard coats, tflash mirror layers, anti-static layers, liquid
contaiming layer(s), color enhancement layers, contrast

enhancement layers, trichoic filters, glass layers, and/or
hybrid glass-plastic layers, and the like. Example additional
layers are described in U.S. Pat. No. 8,770,749 and U.S.
patent application Ser. No. 15/679,872, which 1s/are incor-
porated by reference herein.

As discussed above, functional layers 270 and busbars
250.1 and 250.2 may be non-transparent elements, such that
their respectwe surface areas and relative position can atlect
the user’s field of view. In some embodiments, as illustrated
in FIG. 2, functional layers 270 can be substantlally aligned
to each of the busbars 250.1 and 250.2 so that the opaque
area of laminated lens 100 1s minimized. Reduction of the
non-transparent area of laminated lens 100 can subsequently
reduce the frame’s bezel size and improve the wearer’s field
of view. For example, busbars 250.1 and 250.2 and func-
tional layers 270 may be sized to be hidden within a standard
lens frame, such that they do not affect the lens’ field of view
any more than the frame. However, the relative position of
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functional layers 270 with respect to busbars 250 1s not
limited to the example of FIG. 2 and additional arrange-
ments are possible.

In an embodiment, an electrically conductive lens can
have heating capability without electrochromic functional-
ity. In such an embodiment, the lens would include the
stacked busbar and any other opaque functional lenses as
illustrated with respect to FIG. 2. Additionally, such a lens
would include conductive layers 240.1 and 240.2, but would
not include electrochromic layers 260.1 or 260.2.

Lens 100 can be modular, such that 1t can incorporated
into rimless (or faceless), semi-rimless, and full orbital
eyewear. Further, lens 100 can be incorporated into dual-lens
eyewear, or as a single lens or shield that covers both eyes
of a wearer. When lens 100 1s used 1n a rimless or semi-
rimless configuration, an edge seal can be added across the
top and bottom edges of lens 100. In this way, the lens layers
are protected from the environment. For example, the edge
seal can act as a barrier against water, moisture or dust, when
not otherwise protected by a full orbital frame. This may be
particularly useful when lens 100 is incorporated into a
rimless or semi-orbital frame, or when the lens 1s a modular,
removable lens that can be handled separately from any lens
frame (such as, for example, a swappable goggle lens). In a
rimless configuration, lens 100 can be mounted directly to
outriggers, a strap, or earstems. Such mounting can engage
directly with (e.g., couple to) the outside edge of lens 100.
Alternatively, a mounting may break through the edge seal
such that the mounting 1s inserted into lens 100 1tself. In such
an embodiment, an additional seal around the intersection of
the mounting and the lens can be applied to protect the
interior of the lens from moisture, gas, or dust.

When lens 100 1s incorporated mto a full orbital frame, a
separate edge seal may not be needed because the frame
itsell acts to seal the edges. Further types of lens-frame
mountings suitable for use with lens 100 are described in
PCT Appl. No. PCT/US2015/060103 and U.S. patent appli-
cation Ser. No. 15/679,872, which are incorporated by
reference herein 1n their entireties.

FIG. 3 illustrates laminated lens 100 of FIG. 2 attached to

frame 300 with an edge seal/barrier adhesive layer 310. In
the configuration of FIG. 3, where both functional layers 270
are substantially aligned to busbars 250.1 and 250.2, each of
top bezel 320 and bottom bezel 330 are equally sized. For
example, bezels 320 and 330 may each be, for example,
about 2 mm across. However, in an embodiment, top bezel
320 can be larger than bottom bezel 330. Such a size
difference may occur i the metal oxide 270 that 1s located
closer to the top edge of laminated lens 100 1s offset with
respect to busbar 250.2. By way of example and not limi-
tation, top bezel 320 can be about 4 mm wide and bottom
bezel can be about 2 mm wide 1n such a configuration.
According to some embodiments, frame 300 includes
more than one component. For example, FIG. 4 shows frame
300 comprising an outer sub-frame housing 400 and 1nner
sub-frame housing 410 so that when frame 300 1s worn, the
iner sub-irame housing 410 1s proximal to the wearer’s face
and outer sub-frame housing 400 1s distal to the wearer’s
face. In some embodiments, laminated lens 100 can be
securely attached within a space formed between the outer
and inner sub-frames. In some embodiments, supporting
clements that can hold frame 300 on the wearer’s head (e.g.,
stems, outriggers, or a strap) can be attached to frame 300
either on the outer sub-frame housing 400 or the inner
sub-frame housing 410. In cases where there 1s no frame
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300—e.g., lammated lens 100 1s rimless—the supporting
clements can be attached directly to the edge-sealed lami-
nated lens 100.

In some embodiments, frame 300 can be a removable
modular sub-frame that 1s attached to a frame “chassis’ 420,
as shown in FIGS. 4A-4C. By way of example and not
limitation, frame chassis 420 can be a goggle chassis, a
helmet chassis, a sunglass frame chassis and the like. A
wearer can have a frame chassis 420 in which a removable
modular sub-frame 300 can be attached from a selection of
removable modular sub-frames 300. Each of the removable
modular sub-frames 300 can have a laminated lens 100 with
different functionality. For instance, a wearer may select a
modular sub-frame 300 with a laminated lens 100 that has
heating/anti-fog functionality for a winter sport activity and
a different modular sub-frame 300 with a laminated lens 100
that has only electrochromic functionality for a diflerent
activity.

In some embodiments, an additional lens can be fitted 1n
front of frame 300 (or modular sub-frame 300). For
example, an additional lens 440, such as a chroma enhance-
ment lens, can be attached in front of frame 300 to form a
dual-lens assembly as shown in FIGS. 4D and 4E. The
additional lens can have functionalities that are complemen-
tary to the functionalities of laminated lens 100.

As discussed above, frame 300 1s not limited to goggles
and can be a frame for a variety of eyewear, including but
not limited to general-purpose eyewear, special-purpose
eyewear, sunglasses, driving glasses, sporting glasses, hel-
mets, visors, shields, imndoor eyewear, outdoor eyewear,
vision-correcting eyewear, contrast-enhancing eyewear,
eyewear designed for another purpose, or eyewear designed
for a combination of purposes.

As discussed above, frame 300 can include a power
source (e.g., a battery), one or more electrical contacts, and
one or more conductive elements (e.g., wires) that can
provide power to one or more electrically-powered compo-
nents of laminated lens 100. Further, frame 300 can also
include additional components such as a control logic unit,
a control circuit unit, one or more sensors, and a user
interface element that can be used by the user to activate or
deactivate the electrically-powered components of laminate
lens 100. By way of example and not limitation, each of the
outer or inner sub-frame housings (e.g., 400 and 410) can be
configured to include the aforementioned elements. Alter-
natively, these elements can be shared between the outer and
inner sub-frame housings.

By way of example and not limitation, the assembly of
frame 300 can be described with reference to FIGS. 5-7. A
glue layer 500 1s disposed 1n a groove 510 located at the
perimeter of mner frame 410 as shown in FIG. 5 (see also
FIG. 8). Glue layer 500 provides a chemical bond between
laminated lens 100 and the sub-frames 400 and 410, sealing
the layers of laminated lens 100 from the environment.
Further, glue layer 500 may act a shock absorber in an
impact incident.

Laminated lens 100 1s placed on inner sub-frame housing,
410 so that the edges of laminated lens 100 can rest inside
groove 510, as shown 1n FIGS. 6 and 7. Referring to FIG. 7,
inner sub-iframe housing 410 can feature one or more
protrusions 700 above groove 510 configured to align and fit
to respective grooves 710 of outer sub-frame housing 400.
In this way, structural features of the inner sub-frame
housing are complementary to respective structural features
of the outer sub-frame housing. Further, the inner and outer
sub-frames 410 and 400 can feature support elements (e.g.,
fingers) 720 at, for example, the four corners of the sub-
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frames. When laminated lens 100 1s placed within frame
300, support elements 700 rest against the respective back

and front edges of laminated lens 100 to secure 1t 1n place.
According to some embodiments, support elements 700
provide additional mechanical support to laminated lens
100. When laminated lens 100 1s placed on inner sub-iframe
housing 410, glue layer 500 can cover a front and a back
edge portion of laminated lens 100, sealing the edges of
laminated lens 100. In the illustration of FIG. 7, glue layer
500 has been omitted for clarity. FIG. 8 shows the assembly
of FIG. 7 with glue layer 500, according to some embodi-
ments.

In some embodiments, outer sub-irame housing 400 1s
configured to securely fasten (e.g., snap onto) to inner
sub-frame housing 410, so that laminated lens 100 1s
mechanically clamped to frame 300. Additionally, glue layer
500 can chemically bond frame 300 to lens 100. Further,
inner and outer sub-frame housings 410 and 400 can include
additional design elements that can improve rigidity of
frame 300.

The configuration described above 1s exemplary and
should not be considered limiting. For example, outer sub-
frame can be shaped so that 1t 1s complementary to the inner
sub-frame. Therefore, alternative configurations for the
assembled parts (e.g., outer sub-frame housing 400, inner
sub-frame housing 410, and laminated lens 100) that provide
both mechanical support and chemical boding between
frame 300 and laminated lens 100 are within the spirit and
scope of this disclosure. Further, in some embodiments,
laminated lens 100 can be replaced with another laminated
lens. In other words, laminated lens 100 can be exchange-
able in frame 300. In such an embodiment, glue layer 500
may not be used.

Example Embodiments

(1) An electrochromic lens for an eyewear comprising a
first lens element comprising: a first electrically conductive
layer over a first substrate; a first busbar over a an edge
portion of the first electrically conductive layer; a first
clectrochromic layer over the first busbar and the first
clectrically conductive layer; a second lens element com-
prising: a second electrically conductive layer over a second
substrate; a second busbar over an edge portion of the
second electrically conductive layer; a second electrochro-
mic layer over the second busbar and the second electrically
conductive layer; a bonding layer disposed between the first
and second electrochromic layers; a first stack of opaque
functional layers substantially aligned with the first busbar
and positioned between the bonding layer and the first
clectrochromic layer at an edge of the first lens element; and
a second stack of opaque functional layers substantially
aligned with the second busbar and positioned between the
bonding layer and the first electrochromic layer at another
edge of the first lens element.

(2) A lens for an eyewear comprising a first lens element
comprising: a first electrically conductive layer; a first
busbar over a an edge portion of the first electrically
conductive layer; a first electrochromic layer over the first
busbar and the first electrically conductive layer; a second
lens element comprising: a second electrically conductive
layer; a second busbar over an edge portion of the second
clectrically conductive layer; a second electrochromic layer
over the second busbar and the second electrically conduc-
tive layer; a bonding layer disposed between the first and
second electrochromic layers; a first functional layer sub-
stantially aligned with the first busbar and positioned
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between the bonding layer and the first electrochromic layer
at an edge of the first lens element; and a second functional
layer substantially aligned with the second busbar and
positioned between the bonding layer and the first electro-
chromic layer at another edge of the first lens element.

(3) An electrically conductive lens for an eyewear com-
prising: a first lens element comprising: a first electrically
conductive layer and a first busbar over a an edge portion of
the first electrically conductive layer; a second lens element
comprising: a second electrically conductive layer and a
second busbar over an edge portion of the second electri-
cally conductive layer; an adhesive electrolyte layer dis-
posed between the first and second lens elements; one or
more opaque functional layers between the adhesive elec-
trolyte layer and the first electrically conductive layer,
wherein each of the one or more opaque layers 1s substan-
tially aligned with either the first or the second busbar.

(4) The lens of all the previous embodiments, wherein
cach of the first and second busbars electrically connect the
first and second electrically conductive layers and/or the first
and second electrochromic layers respectively to an external
power supply.

(3) The lens of all the previous embodiments, wherein the
external power supply comprises a rechargeable or a non-
rechargeable battery.

(6) The lens of all the previous embodiments, wherein
cach of the first and second busbars comprises silver, copper,
gold, or aluminum.

(7) The lens of all the previous embodiments, wherein
cach of the first and second electrically conductive layers 1s
transparent to visible light and comprise imndium tin oxide
(ITO), fluorine doped tin oxide (FTO), indium gallium zinc
oxide (IGZ0), doped zinc oxide.

(8) The lens of all the previous embodiments, wherein the
adhesive electrolyte layer comprises an electrolyte that is
cured when exposed to an ultraviolet (UV) radiation.

(9) The lens of all the previous embodiments, further
comprising: an anti-fog layer disposed in the second lens
clement over the second substrate and opposite to the second
conductive layer;

(10) The lens of embodiment 9, wherein the anti-fog layer
comprises cellulose acetate propionate (CAP).

(11) The lens of embodiments 8 and 9, wherein each of the
first and second substrates comprises one or more of poly-
carbonate (PC), nylon, polyurethane, polyethylene, polyeth-
ylene terephthalate (PET), polyimide, acrylic, MYLAR®,
clear glass, doped glass, or filtered glass.

(12) The lens of all previous embodiments, wherein the
first and second electrically conductive layers comprise
heating elements for the lens.

(13) An eyewear assembly comprising: the lens of all
previous embodiments; a sub-frame assembly covering an
edge and a portion of a top surface of the lens, wherein the
sub-frame assembly covering the portion of the top surface
of the lens covers the first and second busbars from a
wearer’s view; and a bonding agent disposed between the
sub-frame assembly and the lens.

(14) The eyewear assembly of embodiment 13, wherein
the frame assembly 1s a rimless, faceless, semi-orbital, or
tull orbital eyewear frame.

(15) The assembly of embodiment 12, wherein the bond-
ing agent comprises epoxy glue that protects the first and the
second lens elements of the lens from water, moisture and
dust.

(16) A frame assembly for an electrically conductive lens
comprising: an inner sub-frame housing having a protrusion
positioned above a first groove, wherein each of the protru-
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sion and the first groove are formed on a peripheral edge of
the inner sub-frame housing; an outer sub-frame housing

with a second groove on a peripheral edge of the outer
sub-frame housing, wherein the outer sub-frame housing 1s
configured to fasten onto the inner sub-frame housing so that
the protrusion of the inner sub-frame housing fits into the
second groove of the outer sub-frame housing; an electri-
cally conductive lens having a peripheral edge within a
space formed by a surface of the outer sub-frame housing,
and the first groove of the inner sub-frame housing; and a
bonding agent disposed into the space that surrounds the
peripheral edge of the electrically conductive lens.

(17) The frame assembly of embodiment 16, wherein the
clectrically conductive lens 1s mechanically secured and/or
chemically bonded between the inner and outer sub-frame
housings.

(18) The frame assembly of embodiments 16 and 17,
wherein the bonding agent comprises an epoxy glue that
protects the electrically conductive lens from water, mois-
ture and dust.

(19) The frame assembly of embodiments 16-18, wherein
the electrically conductive lens comprises two electrochro-
mic layers; two electrically conductive layers; at least one
busbar positioned at the peripheral edge of the electrically
conductive lens; and optionally at least one metal oxide
layer positioned at the peripheral edge of the electrically
conductive lens.

(20) The frame assembly of embodiment 19, wherein the
at least one busbar and/or the at least one metal oxide layer
are covered by the frame assembly and are not visible when
the frame assembly 1s worn.

(21) The frame assembly of embodiments 16-20, wherein
the mner sub-frame housing 1s proximal to a wearer when
the frame assembly 1s worn.

(22) The frame assembly of embodiments 16-21, wherein
the frame assembly comprises general-purpose eyewear,
special-purpose eyewear, sunglasses, driving glasses, sport-
ing glasses, goggles, helmets, visors, imndoor eyewear, out-
door eyewear, vision-correcting eyewear, contrast-enhanc-
ing eyewear, or eyewear designed for a combination of
pUrposes.

(23) The frame assembly of embodiments 16-22, further
comprising a control logic unit, a control circuit unit, one or
more sensors, and a user interface element that allows a user
to activate or deactivate electrically-powered components of
the electrically conductive lens.

(24) The frame assembly of embodiments 16-23, wherein
the outer and 1nner sub-frame housings comprise at least one
metal, composite, or molded thermoplastic material.

(24) The frame assembly of embodiments 15-23, wherein
the frame assembly 1s configured to further fit within a
rimless, faceless, semi-orbital, or full orbital eyewear frame.

CONCLUSION

The atorementioned description of the specific embodi-
ments will so fully reveal the general nature of the disclosure
that others can, by applying knowledge within the skill of
the art, readily modily and/or adapt for various applications
such specific embodiments, without undue experimentation,
without departing from the general concept of the present
disclosure. Therefore, such adaptations and modifications
are mtended to be within the meaning and range of equiva-
lents of the disclosed embodiments, based on the teaching
and guidance presented herein. It 1s to be understood that the
phraseology or terminology herein 1s for the purpose of
description and not of limitation, such that the terminology
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or phraseology of the present specification 1s to be inter-
preted by the skilled artisan in light of the teachings and
guidance provided herein.

References 1n the specification to “one embodiment,” “an
embodiment,” “an exemplary embodiment,” etc., indicate
that the embodiment described may include a particular
feature, structure, or characteristic, but every embodiment
may not necessarily include the particular feature, structure,
or characteristic. Moreover, such phrases are not necessarily
referring to the same embodiment. Further, when a particular
feature, structure, or characteristic 1s described 1n connection
with an embodiment, 1t 1s submitted that 1t 1s within the
knowledge of one skilled in the art to affect such feature,
structure, or characteristic in connection with other embodi-
ments whether or not explicitly described.

The exemplary embodiments described herein are pro-
vided for illustrative purposes, and are not limiting. Other
exemplary embodiments are possible, and modifications
may be made to the exemplary embodiments within the
spirit and scope of the disclosure. In addition, the terminol-
ogy used herein 1s for the purpose of describing particular
embodiments only and i1s not intended to be limiting. For
example, as used herein, the singular forms *““a,” “an” and
“the” are imntended to include the plural forms as well, unless
the context clearly indicates otherwise. It will be further
understood that the terms “comprises,” ‘“‘comprising,”
“includes™ and “including,” when used herein, specily the
presence of stated features, integers, steps, operations, ele-
ments, and components, but do not preclude the presence or
addition of one or more other features, integers, steps,
operations, elements, components, or groups thereof.

It 1s to be appreciated that the Detailled Description
section, and not the Abstract section, 1s intended to be used
to iterpret the following claims. The Abstract section may
set forth one or more, but not all exemplary embodiments,
of the disclosure, and thus, are not intended to limit the
disclosure and the appended claims in any way.

What 1s claimed 1s:

1. A lens for an eyewear apparatus, comprising:

a first lens element comprising;

a first electrically conductive layer over a first sub-
strate;

a first busbar over an edge portion of the first electri-
cally conductive layer; and

a first electrochromic layer over the first electrically
conductive layer;

a second lens element comprising:

a second electrically conductive layer over a second
substrate;

a second busbar over an edge portion of the second
clectrically conductive layer; and

a second electrochromic layer over the second electri-
cally conductive layer;

an electrolyte layer disposed between the first and second
clectrochromic layers;

a first electrically conductive opaque functional layer
substantially aligned with the first busbar and posi-
tioned between the electrolyte layer and the first elec-
trochromic layer at an edge of the first lens element,
wherein the first busbar 1s between the first electrically
conductive opaque functional layer and the first elec-
trically conductive layer; and

a second electrically conductive opaque functional layer
substantially aligned with the second busbar and posi-
tioned between the electrolyte layer and the first elec-
trochromic layer at another edge of the first lens
clement.
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2. The lens of claim 1, wherein each of the first and second
busbars electrically couple the first and second electrically
conductive layers and the first and second electrochromic
layers, respectively, to an external power supply.

3. The lens of claim 1, wherein the first electrochromic
layer 1s disposed over the first busbar.

4. The lens of claim 1, wherein the first electrochromic
layer 1s electrically insulated from the first busbar.

5. The lens of claim 1, wherein each of the first and second
clectrically conductive layers 1s transparent to visible light
and comprises mdium tin oxide (ITO), fluorine doped tin
oxide (FTO), doped zinc oxide, or indium gallium zinc oxide
(1GZ0).

6. The lens of claam 1, wherein the electrolyte layer
comprises an adhesive electrolyte layer configured to be
cured when exposed to an ultraviolet (UV) radiation.

7. The lens of claim 1, wherein, when the eyewear 1s
worn, the first substrate 1s distal to a wearer and the second
substrate 1s proximal to the wearer.

8. The lens of claim 1, wherein the second lens element
turther comprises an anti-fog layer disposed on the second
substrate so that the second substrate 1s interposed between
the anti-fog layer and the first electrically conductive layer.

9. The lens of claim 8, wherein the anti-fog layer com-
prises cellulose acetate propionate (CAP).

10. The lens of claim 8, wherein each of the first and
second substrates comprises polycarbonate (PC), nylon,
polyurethane, polyethylene, polyethylene terephthalate
(PET), polyimide, acrylic, MYLAR®, clear glass, doped
glass, or filtered glass.

11. The lens of claim 1, wherein the first and second
clectrically conductive layers are configured to heat the lens.

12. An eyewear assembly, comprising:

the lens of claim 1;

a sub-frame assembly covering an edge and a portion of
a top surface of the lens, wherein the sub-irame assem-
bly covering the portion of the top surface of the lens
covers the first and second busbars:

a bonding agent disposed between the sub-frame assem-
bly and the lens.

13. The eyewear assembly of claim 12, further compris-

ng:

another lens configured to be attached to the sub-frame
assembly, wherein the other lens 1s distal to a wearer
when the eyewear assembly 1s worn.

14. The eyewear assembly of claim 12, wherein the

bonding agent comprises epoxy glue.

15. A lens for an eyewear apparatus, comprising:

a first lens element comprising:

a first electrically conductive layer over a first sub-
strate; and

a first busbar substantially aligned with a first edge
portion of the first electrically conductive layer;

a second lens element comprising:

a second electrically conductive layer over a second
substrate; and

a second busbar over the second electrically conductive
layer and substantially aligned with a second edge
portion of the first electrically conductive layer;

an electrolyte layer disposed between the first and second
clectrically conductive layers;

one or more electrically conductive opaque functional
layers between the electrolyte layer and the first elec-
trically conductive layer, wherein each of the one or
more electrically conductive opaque functional layers
1s substantially aligned with either the first or the
second busbar.
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16. The lens of claim 15, wherein the first and second
busbars electrically connect, respectively, the first and sec-

ond electrically conductive layers to an external power
supply.

17. The lens of claim 15, wherein the electrolyte layer
comprises an adhesive electrolyte.

18. The lens of claim 15, further comprising:

an anti-fog layer disposed on an opposite side of the
second substrate from the second electrically conduc-
tive layer;

an electrochromic layer over the first electrically conduc-
tive layer; and

another electrochromic layer over the second electrically
conductive layer.

19. The lens of claim 18, wherein the anti-fog layer

comprises cellulose acetate propionate (CAP).

20. The lens of claim 15, wherein the first and second
clectrically conductive layers comprise heating elements
configured to heat the lens.

21. An eyewear assembly, comprising;:

the lens of claim 15;

a frame assembly covering an edge and a portion of a top
surface of the lens, wherein the frame assembly cov-
ering the portion of the top surface of the lens covers
the first and second busbars out of a wearer’s view; and

a bonding agent disposed between the frame assembly
and the lens, wherein the bonding agent comprises
epoxy glue.

22. The lens of claim 1, wherein the first electrochromic
layer comprises first and second top surfaces non-coplanar
with each other.

23. The lens of claim 1, wherein the second busbar 1s
clectrically 1solated from the first electrochromic layer.

24. A lens for an eyewear apparatus, comprising:

first and second substrates;
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first and second electrically conductive layers over the
first and second substrates, respectively;

a first busbar over a first edge portion of the first electri-
cally conductive layer;

a second busbar over the second electrically conductive
layer and over a second edge portion of the first
clectrically conductive layer;

an electrochromic element, configured to provide an elec-
trochromic function, between the first and second bus-
bars;

a first electrically conductive opaque functional layer
substantially aligned with the first busbar and embed-
ded in the electrochromic element, wherein the first
busbar 1s between the first electrically conductive
opaque functional layer and the first edge portion of the
first electrically conductive layer; and

a second electrically conductive opaque functional layer
substantially aligned with the second busbar and
embedded 1n the electrochromic element, wherein the
second electrically conductive opaque functional layer
1s between the second busbar and the second edge
portion of the first electrically conductive layer.

25. The lens of claim 24, wherein the electrochromic
clement comprises first and second electrochromic layers
proximate to the first and second substrates, respectively.

26. The lens of claim 24, wherein the electrochromic
clement comprises an electrolyte layer with a nonplanar
surtface.

27. The lens of claim 24, wherein each of the first and
second electrically conductive opaque functional layers
comprises a metal oxide.

28. The lens of claim 24, further comprising an anti-fog
layer formed over the second substrate, wherein the first
substrate comprises an exposed front surface.

¥ ¥ # ¥ ¥



	Front Page
	Drawings
	Specification
	Claims

